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FOREWORD 

The work described herein was performed by the General Electric Company, 
Nuclear Systems Programs (NSP), under the sponsorship of the National Aero- 
nautics and Space Administration under Contract NAS G-6474. The primary 
purpose of the Advanced Refractory Alloy Corrosion Loop Progran. was to evaluate 
the compatibility of candidate refractory alloys in contact with alkali metal 
working fluids under conditions simulating those anticipated in pi-ojected space 
electric power systems. This program which was iniaated in 1965 consisted of 
four principal investigations, namely the T:^l_^ikin^^ 

Loop, 190 o”f Lithium Loop, Advanceu Tantalum Alloy Capsule_ Tes_^ , and the 
2500°F Lith ium Thermal Convection Loop Test . This report describes the T 111 
^nkine System Corrosion Test Loop, which shall be referred to as the T-111 
Corrosion Loop in this report. 

The basic design of the Corrosion Test Loop was developed and proven on 
a prior program,* also sponsored by NASA - Lewis Research Center, and only a 
limited number of minor design modifications were required for the T-111 alloy 
system. J. Holowach was responsible for making these design modifications. 

Preparation of the specifications for the purchase of the rei a :ory 
alloy materials and the performance of the quality assurance testing required 
prior to the relea.se of the material for fabrication were the responsibility 
of R. G. Fi-ank. 

W. R. Young, P. A. Blanz, and H. Mann were responsible for the fabrication 
of the test loop. Dr. R. B. Hand. H. Bradley, L. E. Dotson, J. Reeves, and 
L. A. Paian were responsible for the purification, handling, and sampling of 
the alkali metals used in the loop test. W. H. Bennethujn made noteworthy 
contributions in the various phases of loop instrumentation, particularly in 
the areas of thermocouple calibration and installation. Dr. T. F. Lyon wa.s 
responsible (or the calibration of the partial pressure analyzer and the 
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interpretation of the spectra obtained during test operation. T, P. Irwin 
and A. C. Losekamp instrumented the loop and together with D. E, Field, 

S. Roof, and M. Hamilton monitored the operation of the loop during the 
10,000-hour endurance test. T. Irwin and A. C. Losekamp were also responsible 
for the disassembly of the loop following test and the preparation of speci- 
mens fo»- -^’emical, metal log raphic, and mechanical property evaluation and 
the compilation of the results of these inve.stigations. J. P. Smith led the 
rather extensive posttest evaluation effort and was assisted in this work 
by A. Losekamp, I. Miller, and 0., Anderson, 'flie authors also wish to 
acknowledge the efforts of Ms. Carol Kiefel in the preparation of this 
report . 

This program was administered for the General Electric Company by 
E. E. Hoffman and Dr. J. W. Semmel. R. W. Harrison acted as the Program 
Manager of the Advanced Refractory Alloy Corrosion Loop Program. 

R. L. Davies and T. A. Moss acted as the Technical Managers for the 
National Aeronautics and Space Administration. 
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Figure B-1. T-111 Rankine System Corrosion Test Loop Assembly (Drawing No. 246R897) . 
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Figure B-1. Continued. 



Figure B-1. Concluded. 
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Figure B-2. Lithium Surge Tank Assembly (Drawing No. 263E807 (Rev.A)). 



Figure B-3. Lithium Pump Duct Assembly (Drawing No. 941D881). 
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Figure B-6, Potassium Boiler Assembly (Drawing No. 263.E828) 






Figure B-7. Preheater Assembly (Drawing No. 941D884) 
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Figure B-9. Nozzle Assembly (Drawing No, 119C2977). 
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Figure B-10. Turbine Simulator Bla<Je Assembly (Drawing No. 119C2976 (Uev. A)), 
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Figure B-11. Turbine Simulator Nozzle (Dra’ving No. 119C2975). 




Figure B-12. High- Temperature Liquid Metal, Modified, Hoke Valve (Drawing No. 263E827 (Rev. A). 



Figure B-13. Potassium Surge Tank Assembly (Drawing No. 263E808 (Rev. A). 




Condenser Assembly (Drawing No. 941D897 (Rev. A)). 




Figure B-13. Nine-Stage Turbine Simulator (Drawing No. 941D874 (Rev. A)) 
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1. SCOPE 


1.1. Scope. Thia specification covers T-lli alloy in tube and pipe form intended 

for high-temperature structural application and alkali metal containment, 

2. APPLICABU; DOCUMENTS 

The latest revislong of the follow i ng documents apply , 

2.1. Government Documents None 

2.2. Ko n-^Government Documents 

ASim Designation E8 Methods cf Tension Testing oi Metallic 

Materials 

ASTM Designation E29 Recommended Practices for Designating 

Significant Plaoes in Specified Limiting 
Values 

ASTM Designation E112 Estimating Average Grain Size of Metala 

AS'ZM Designation £195 Methods for Chemical Analysis of Reactor 

and Commercial Coiumblum 

GE Sp«cificstion PiODYAll Qualification of Vacuum Furnac-s for Annealing of 

Cb-lZr and T-111 (Ta-8W-2Hf) Alloys 

AMS 2635 Radiographic Inspection 

GE Specification ’'ICYAl? Fluorescent Penetrant Inspection 

GE Specification P3AYA15 Ultrasonic Method of Inspection 

GE Specification P4AYA20 Chemical Cleaning of Columbium, Tantalum, 

and Their Alloys 

GE Specification P4AYA21 Chemical Removal of Nonrefractory Metallic 

Contamination from Coiumblum, Tantalum, 
and Their Alloys 


3. REQU IREMENTS 

3.1. Vendor Quotations , Vendor quotations will state that the material quoted vlll 
be produced in accordance with this specification. 

3.2, Manufacture . Material covered by this specification shall be made from Ingots 
which have been vacuum melted by the electron beam (preferred but not mandatory) 
followed by double consumable electrode arc melting procesaea. Breakdown opera* 
tions shall dc performed with conventional extrusion, forging, tube reducing, 
and drawing equipm mt normally found in primary ferrous and nonferrous plants. 
When canning is used as a means of protection, mild steel is the recoHmaaded 
material to temperatures up to 2300*F, and above 2300*F molybdenum canning li 
recommended . 
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3.3. Procetslng . The starting stock slze^ processing temperature, percentages of 
reduction, In-process annealing temperatures and times shall be selected by 
the verkdor to achieve the grain size range specified In paragraph 3.6. and 
aechanlcal properties specified In paragraph 3.7. The total aaount oJ reduction 
from the turned ingot to the final product shall exceed 79%, and the aeount of 
final reduction for each mill product (l.e., the reduction imparted between the 
final in-proceas recryatallization anneal and the final heat treatment) ahall 
exceed 30%. After the final reduction, the final product ahall be given 

a final vacuum anneal for one hour at a temperature of 3000*7 ± 29*F. The 
amount of total reduction and final reduction shall be reported for each mill 
product In the certificate of compliance. 

3.4. Condition. 

3.4.1. General. The finiahed product will be supplied in the recryatallized condition 
throughout the cross sectional area to the grain size range specified in 
parcgraph 3.6. 

CAUTIONS 

Avoid contact between T-111 alloy and copper, nickel, or their alloys except for 
the copper crucibles used for melting. 

Cutting with a cutoff whee l should be avoided If possible. If this operation la 
required, a silicon carbide wheel (Alliaon C120-K-RA) must be used. Alumina 
cutoff wheels should never be uaed. 

3.4.2. Cleaning Prior to Heat Treatment . All material should be cleaned per Gl Sped* 
flcatlon P4AYA'>1 followed by cleaning per GE Specification P4ATA20 prior to 
In-procesa or final heat treatment. Also, all material undergoing a straightening 
operation following final annealing should be cleaned per GK Specif Icatlen F4ATA21. 

3.4.3. Qualification of Furnaces . Any vacuum furnace to be used for either In-^mceaa 
or final annealing of T-111 must be qualified as explained in Gl Specifientlon 
PlODYAll to minimize the possibility of contamination. 

3.4.4. Heat Treatiaent. All annealing shall be carried out at pressures of leas than 

1 X 10"^ torr. All mill products to be annealed shall be thoroughly degreasv^d, 
chemically cleaned per 3.4.2. and protected from furnace parts by a layer of fmnh 
Cb-lZr (preferred) Cb-17r, tantalum or columblum foil 0.002-inch thick or greater. 
If foil is used for nrotectlve wrapping of material to be heat treated, tantalun or 
Cb-lZr wire should be used whenever possible for securing of the foil wrap 
about the material. If spot or tack welding is used for attaching the foil, 
a molybdenum electrode shall be used and welding contact points shall be at 
a double thickness of the wrapping material. The ground clamp ahall alse be 
a refractory metal or alloy. The use of a copper electrode for spot or tack 
welding is not permissible. The welding electrode should not come in direct 
contact with the material or component being prepared for anneal. 

When annealing Is carried out at pressures greater than 1 x 10 torr, with the 
prior approval of the purchaser, all mill preducta ahall be enclosed In a 
chemically cleaned Cb-12r alloy, tantalum, or columbiun retort or wrapped In 
a mininun ef twe layers of fresh Cb-lZr alloy, tantalun, or colunblun foil 
0.002 inch thick or greater. The conditions of final annealing ahall be 
reported In the certificate of compliance. 
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NO 

SXAMUS8 TUBING AND PIPE: T-IU (Ta-fiW-2Hf) AUDY 
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B50YA325 


3«4.5. Contamination . All Itenfl are to be free of surface contamination or internal 

oxidation. After final heat treatment^ the material shall be examined metallo- 
graphically for evidence of possible contamination caused by unsatlsf actery 
heat treating atmospheres or processing o emdltlona. A miorehardneaa traverse 
shall show a hardi.3ss not greater than W VHN from the center to the surface 
of a cross sectional sample of the final product. At the discretion of the 
purchaser^ samples taken to include at least one surface of the final product, 
and not exceeding 0.050 inch thick, nay be chemically analysed by the purchaser 
for oxygen, nitrogen, hydrogen, and carbon. The analyses shall not exceed the 
limits set forth in paragraph 3.5.2. Any indication of contamination shall he 
cause for rejection of all material represented by that sample. The material 
shall be acceptable If the contaminated layer is completely eliminated before 
shipment by a machining operation within the specified dimensions and tolaranoes* 

3,5, Chemical Compoeltlon 

3.5.1* Ingot/Billet Composition. The chemical composition of Ingots or blllsts for oem* 
version te finished products shall be analyzed and must conform to Table X 
(page 5). A minimum of four analyses shall be obtained as felloes: ingot-top'* 
center, top-mid '•radius, and tnpedge, and ingot bottom-center. Duplicate analyses 
are required for carbon, oxygen, nitrogen, and hydrogen of each locatioii* See 
paragraph 5.4. 1.3. for pemiaslble variations. 

3.5.2, Pinal Production Composition . At the discretion of the purchaser, final products 
may be analjrzed to determine the metallic elements st ted in Table I. Pailure 
of the analytical results to conform with the requirements of Table I shall be 
cause for rejection of all material represented by the analytical sample. If, 
at the discretion of the purchaser, the final products are not analyzed for 
metallic elements, the manufacturer's ingot analysis in accordance with paragraph 
3.5.1. shall be considered the chemical analyaia for the metallic elements of 
products supplied under this specification. In all cases, duplicste detemlnatloiis 
of the elements, carbon, oxygen, nitrogen, and hydrogen shall be performed. The 
individual values obtained must satisfy the criteria for permissible vsriatlocis 
described in paragraph 5. 4. 1.3. and the average of the values satisfying these 
criteria must not exceed the limits listed below. 


Final Product Concentration U.mlts, ppm 


3.6. 



For Wall Thicknesses 
0.020" or Greater 

For Wall Thicknesses 
Leas Than 0.030" 

Element 

Max. 

Max. 

Carbon 

50 

75 

Oxygen 

150 

300 

Nitrogen 

75 

100 

Hydrogen 

10 

10 

Grain Size, 
conform to 

The grain size of the 
the following limits: 

final product# shall be measured 



3KAM12SS TUBING AND PIPE: T-'lll (Ta-8W-2Hf) ALLOT 



TABUS I 

CHEMICAL COilPOSITION 
T-111 (Ta-8W-2Hi) AUOY 

MinlMua Concent ration Maximum Con cent ratios 


Element 

ppm 

pp" 

Carbon 


40 

Oxygen 

- 

100 

Nitrogen 

- 

50 

Hydrogen 

- 

10 

Columblum 

- 

1000 

Zirconium 

- 

500 

Molybdenum 

- 

500 

Chromium 

- 

200 

Cobalt 

- 

50 

Iron 

- 

50 

Copper 

- 

50 

Nickel 

- 

50 

Vanadium 

- 

20 

Silicon 

- 

20 

Manganese 

- 

20 

Tungsten 

7,0 w/o 

9,0 w/o 

Hafnium 

1.8 w/o 

2.4 w/o 

Tantalum 

Remainder 

- 
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SSAMUSS TUBING AND PIPE: T-Ul (Ta-«W«2H1) ALIXTf 


DATE 


April 21,1971 


NO. 

B50TA339 


Product Wall 
Thlckneas, Inches 


Minimum Allowable 
ASTM Grain Size No. 


Allowable Spread 
in ASTM Grain Size 
Nos. In Any One Item 


Mlnlaua Percent 
Recry at allizetlcc 


Less than 0.010 


> 0,010 to 0.065 6 

> O.ObS to 0.125 5 

> 0.125 to 0.250 4 

0.250 to 0.500 3 


2 

2 

2 

2 

3 


100 

100 

100 

95 

90 


Mechanical Properties . The final product shall satisfy the following eechenlcal 
property requirements: 

Ro om Temperature Tensile Properties . Representative samples of the^mrteMel In 
final fonn shall be tested in tension at room temperature (65 - 85 F) end must 


meet the following property 

limits: 


Ultimate Tensile 

0.2% Yield 

Elongationj 

Strength, kal 

Strength, Ksl 

Minimum Maximum 

Minimum Maximum 

Minimum 

80 110 

65 100 

.'0 


% Elongation In 4D for threaded or buttonhead test specimens; In 1 inch 
for flat specimens. 


3,7.2. Stresa*~to-Ruptu re Testa . 


3 7 2 1. Test Requiremeiits. Representative samples of the material in final form 

itress-Tulpt^ToBteri under the follr-winR conditions and must have the ■lnl«u» 
stresB-rupture life s'lown. For the lest results to be valid, the samples must 
satisfy the environmental contamination criteria of paragraph 3. 7. 2, 2. 

Minimum Life 

TrPt Te mp.j Stress, ksi HcxxrB 


2400 


20 


3.7. 2.2. 


gn vl ro»mt?ntaI Cont ami iiut ioHj Cht::n.t H annl yStfl 
after test shall d<monatrr.te that tlio degree of 
did not exceeo the to 1 lowing ilniits. 


of at resa-rupture apeclmmni 
environmental contamlnt-t Ion 


Maximum Allowable Ircreaao 
in Concent I a of Impuritiea, ppm 

Carbon 20 

Oxygen 35 

Nltroi:©n 20 

Hydrogen ^ 

The maximum allowable Increase In the c..n< ei.i rat Ion of a given Interstitial 
element shall oe the difference between the average < cncentratlon of each 
element in the stress-rupture specimen after testing and the average concen 
tratlon of that element In the final product from which the atreaa-ruptmre 
sample was taken. Ihe average conceiit rat Ion shall be bated on the average 
of duplicate analytical result.-). Permissible variations In anelytlcal 
results are described In paragraph S.4.1.3. 
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3.7.4. 

3.8. 

3.8.1. 

3.8.2. 

3.8.3. 
4. 

4.1. 

4.2. 


Hydrostatic Test. Each tube, 1/8 -inch or larger In outside diaaeter with a wall 
thickness of "0"."015-lnch or less, shall be tested io a hydrostatic pressure 
sufficient to product a hoop screes of 50,000 psi, :he test pressure, not to 
exceed 10,000 psl, shall he determined by the equation (P • 2 St/D), where: 

? - hydrostatic te!it pressure in pounds per square inch; 

S - 50,000 psi; 

t » average vsill thickness Oa the tube in inches; 

D “ outside diameter of the tube in inches. 

Tlie test pressiure shall be held for a mininium of 5 seconds. After testing, 
the tubing shall show no bulges, leaks, pinholes, cracks, or other defects. 

Flare T( Jt. A section of the heat treated tube shall be flare tested withour 
cracking. The flare shall be made with a tool having a 60-degree Included 
angle until the specified outside diameter has been Increased by 20 percent. 

Tolerances 

Disnrter and Wall Thickness . The permissible variations in diameter and wull 
thickness of tube shall not exceed those prescribed in Table II (refer to page 
8 ). 

Lex^th. When tube is ordered cut-to-length, the usable length shall not be 
lessThan that specified, but a variation of plus l/8-inch will be permitted 
in lengths up to 6 feet. In lengths over 6 feet, a variation of plus 1/4-inch 
will be penritted, unless otherwise specified. 

Straljthtness. The tube shall be free of bends or kinks. For lengths up to 
10 feet, the maximisa bow shall not exceed one part in 1200; for lengths greater 
than 10 feet, the maxiioum bow shall not exceed one parr in 600; unless other- 
wise agreed upon. 

MAXIMUM ALLOWABLE DISCOWTIWUITIES 

General. Cracks, laps, seams, fins, and tears shall be unacceptable. The 
surface shall also be free from oxide or scale of any nature, grease, oil, 
residual lubricants, or otner extraneous material. 

Porosity and Inclusions. Porosity or inclusions with dlmeaslons greater than 
3Z of the wall tMcknase or 0. 005-inch, whichever is amaXler, shall be unaccep- 
table with a minimum rejectable indication of 0.001-inch. Porosity or 
Inclusions with dimensions in the range of IZ to 3Z of wall thickness must be 
a minimum of 0.5-inch apart. Porosity or Inclusions with dimensions less than 
IZ of the wall thickness must be a minimum of 0.12-lnch apart. 
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NO. 

SEAMIfSS TUBING AND PIPE; 

T-111 (Ta-«W-iHl) ALLOY 

April 21,1571 

B50YA325 




n KMio.Sii It VARIATIONS IN TUBE DIMENSIONS 


Nominal 

OD^ 

I nehes 

ODj Inch 

If)^ Inch 

Wall 

Thickness^ % 

0.187 

to 

0.625 

± 0 004 

i 0.004 

t 

10 

> 0.625 

to 

1 . 000 

t 0.005 

± 0.005 

± 

10 

> 1.000 

t 

2.000 

± 0.0075 

t 0.0075 

± 

10 

> 2.000 

to 

3 . 000 

± 0.010 

± 0.010 

± 

10 

> 3.000 

to 

4 . OOO 

T 0.0 1 25 

T 0.0125 

± 

10 


NOT*S: 

(1) Tr>leranro.‘' aif 'pp 1 t r ' I<- oj.ly the two dinenslons s^^cifled 

:jr. ;h<- i)ui:Pasr f.rrit iy, < out^Me jlametcr and wall; inalde 

diaueter and wall; 'iu1si(ic' diamoler pr..; inaide diameter. 

(2) For tolo 2 :u:< .ippiir, ;v ii<r \(*r\ .small tubes (less than 

0 . 187-ir,«h- : 1 :imo t<- r ) , f r\ thin-wall tubes (leas than 

0.010-i tv i:-t L i rk> . * r ' pr^in,.r,i shall ne ronsulted, 

(3) For tiihf.4 V li.K .if. It ilbmolc*' than m0% of the outside 

diamrti'. t « u m 1 ’ ? > :.ri r . ev thlik, which caiinot be 
eurr^Rf^f r. l\ draw ' ** ■ ;vvi ' 1, the lpsl(> diatneter may vary 

hv an am* ;:i. * i*- pi ;s i nus iO'l of the wall thlckneii, 

Tht wall w . ii. so mav vary plus minus 13.5% 

from 'nai suiv ilied. 

(4) Ovality Ru asjrod «t < r' -.s -r. tion: For tabea with noaiaal 

wall thicKness Less tlur.i .3 a >^1 the nominal out aide dlaaeter^ the 
ovality tolerances ar*^ fii'u! h* the tele ranees In eolueji 2 or 3* 
For ovalitv lolrrar.. v ; with wali thi^kneaa leea than 

2% nerinal outside oiamt- ier^ the pretlurer shall be cenaulted. 
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Surface Rework. All surface pores, gouges, cracks and other defects deeper then 
B.' 06 >i:.ch or"32 of the wall thickness, whlch-ver Is smaller, are unacceptable. 
Defects may be removed by grinding provided the wall thlckr.ees is not decreaeed 
below that permitted In Table II (refer to page 8). Grinding should be done with 
either silicon carbide paper or a silicon carbide grinding wheel. Complete 
removal of surface defects must be assured by a final swab pickle (to remove 
smeared metal) with T-111 alloy pickling solution (GE Specification P4AYA2C) 
followed by fluorescent penetrant inspection of the ground area. The defect can- 
not be considered as being removed until no bleed back of penetrant can be 
detected following grinding and plcl ling. 

QUALITY ASSURANCE PROVISIONS 

Vendor Responsibility. The manufacturer shall make all tests and inspections of 
the material CO 'ered by this specification before shipment unless otherwise speci- 
fied. All test and inspection results shall be furnished to the purchaser. 

Customer Review. General Electric is to receive advanced notification of all 
non-proprietary melting, elevated temperature (greater than 500*F) processing 
operations, testing and nondestructive inspection and is to have privilege 

of witnessing said operations. The manufacturer shall give the purchaser ample 
notice of the time and place of designated tests. If the purchaser's repressm-^ 
tatlve is nor present at this time and a new date is not set, the requirement of 
purchaser's inspection at the place of testing is waived. When the purchaser's 
representative is present at the appointed time and place, the manufacturer 
shall afford him, without charge, all reasonable facilities to assure that the 
material is being furnished in accordance with this specification. This inspec- 
tion shall not interfere unnecessarily with production operation. 

Sample Selection. Care shall be exercised to Insure that tlie sample sale ed 
for testing is representative of the material and uncontaminated by the sampling 
procedure. Samples for the determination of mechanical properties shall be 
selected so as to consume a minimum amount of material, l«e., specimens may be 
taken transverse to the final working direction from plate and sheet and from 
strip if of sufficient width. If there is any question about the sampling 
technique or the analysis, the methods for sampling and analysis shall be those 
agreed to by the buyer and seller. The specimen configuration selected for 
the performance of the testing required in paragraph 5.4«2. and 5.4.3. shall be 
mutually agreed upon by the vendor and purchaser prior to placement of a pur- 
ciiase order. The location of all teat samplea shall be reported In the certi- 
ficate of compliance. 

Teat Methods 

Chemical Analyses 

Tost Procedures. Chemical analyses shall he conducte- by mutually acceptable 
procechTres, such as the vacuum fusion methodri for the combustion method 

for carbon, and spect rochcml ca I methods for metallic elements , Disputes shall 
be settlo(J by accepted retc^rce methods, such as the ASTV Designation E195, 

’‘Methods for Chemical Analysis of Reactor and Commeriral Columblum. Specif Icslly , 

the combustion/conductomet ric method for carbon; the vacuum fusion method for 
oxygen and hydrogen; the mlcro-^: joldnhl method tor nitrogen or the carrier 
gas fusion method for nitrogen and oxygen; the emission spect rogrsphlc methods 
for metallic impurities; the X-ray fluorescence method (using a briquette 
prepared from the fully oxidized sample) for tungsten; and the colorimetric 
or atomic absorption method for hafnium. Tlte nnalvtical techniques to be 
used .shall l)e mentioned In vendor quotations. 
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5.4. 1.2. 


Check Analyee®. Check analyae* (see paragraph 7.2.) nay be perfomed by the 

at his dlacretlen and tiuat that the iepuritles are within apaclflwd 

liaita. Referee (aee paragraph f 1^.) analyaos shall be uaed to reaolve diaputea 
arlBlng from differences la vendor and buyer aitalyaes. 


5. 4. 1.3. PeraiSBlble Varlatiorua i n Analytical Results of analytical deter- 

alnatlons for the Interstitial elements, xygen, carbon, hydrogen, or nitrogen, 
must be within the penaisslble range indicated below; 


Average Concentration of a Given 
iDteratltlal Element, ppm 

0-10 

11-40 

41-100 

101-150 

151-1000 


Permissible Variation from the Average 
of Duplicate Analytical Reaulta 

± 80% 

± 40% 

± 20% 

± 15% 

± 10% 


5.4.2, 


5.4.3. 


5.4.4. 


In the event that the values are not acce.ptpble, an additional duplleete 
analyels shall be performed. All values obtained (original dmpllcete pine 
second duplicate) aholl be averaged and the peralsslblo varlelone criteria 
applied. The average of all acceoiat le v.iluos, t^e nlnimua, ahall be uaeo la 
determining the average concent rat ioi. . 


rensile Toat. The tension test shall h- conducted in accordance 
S^iTcTTm, -Kethods of T.aslon Tv.^f.ug of Metallic Material.. Yl.W 
^re«^h Shall be determined by the .tfset (0.2^1) method. The tensile prapertla. 
iLll be determined using a strain M 0.005 inch per inch P*'' 

to 0.8% offaet anC then U.05G Inch, plus -r min^ua 0.020 inch, per inch par ■laut. 

to frseture. 


Strwss-Rupture Teat. St reas-rup t n iv properties et 
b7"«irt7a31y acceptable testing techniques. Suggea 
determining stress-rupture properties are: 


specimens ahall be datmrmlnmd 
ted teatlng technlqmwa far 


Specimens shal’t be test»«d . 
X. " vacuum systeiii shall i;'>* 
nitrogen coin trap or a j..et ’ 


-6 

p .> sures ot 1 X 10 torr er leas, 
ipora^r an optically tight llguld 
r V 1 . I pump . 


Specimens shall be heiii fi 
before applicai lor. nl 1< .et 

Test temperature shall be 
the test . 


half liour at the test tempersturw 
r, tallied at plus or minus 10*F during 


Grain Sl/.€. Grain si/-e <UM e ml r.at i * ' 
flcation K112, 'istlmating the Avpi uc- 


be vade according to AS'iH t^WOt- 

idalr, Si»e oi Metals.' 


5.5. 


5.5.1. 


Number of Tests Required on -LlMlI ruduct 


Destructive Evaluation . Representative 
representing each ingot and each lot of 
conformity to this npecl f Icatlonv 


teat apecltnena from the finished product 
Material shall be teated to deterelne 
mlnimvm frequamey of these testa shell hei 


ORIGINAL’ PAGE IS 
OF POOR QUALITY 
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Interstitial (Carbon, Oxygen, Hydrogen, Hltrogen) *"»ly***^’ 
two per lop per Ingot. 


Hafnium Analyses - one per lot per ingot* 

Tensile Test - two per Ic*" per ingot. 

Stress-Rupture Teat - two per lop per ingot. 

Flare Test - two per lot. 

Grain Size - two per lot per ingot 
(One longitudinal and one transverse) 


Saa paragraph 3.5, 2« 

See paragraph 3.5.2. 


See paragraph 3.7.1. 
See paragraph 3.7.2. 
See paragraph 3.7.4, 


See paragraph 3.6. 


Microhardness Traverses - one per lot per ingot. See paragraph 3.4.5. 

Evalu'tion. The followinf, nondestructive In.pectlon. shall b. 
performed lOOt on all products unless otherwise specified. 


Ultrasonic Inspection. 

Fluorescent Penetrant Inspection. 
Hydrostatic Proof Test 


See paragraph 5,7. 1.2. 
See paragraph 5<>7.1.3. 
Sec paragraph 3.7,3. 


5.6. Retest an d Rework 

5.6.1. S urface Contaminat Ion. Any sample or spot i men exhibiting obvious surface con- 
tamination or improper preparation whirh cUsquallfies It as a truly repreaentatlve 
sample shall be replaced with a new sample. 

5.6.2, Rework . If inspect lf>n nmi test results ol a lt)i n»>l conform to the require- 
ments oi this specific at iniij the Uu ma\ be reworked at the option of the 
manufacturer. The lot shall be acceptable if all test rrsults_^ after rewerking, 
conform to thi.s specification. 

5.7. Inspect ion . 

5.7.1. Method.s o i Inspoc t i«^n 

5,7. 1.1. Rad iographic . When .pet i 1 U'd , tlu^ pro ',j«i slui i 1 i»e ra;} it»Krapheci and found free 
of poro.'^itv and i nc- i i • >n.s a.s specilied in piiragraph 1.2. using the techniques 
desc ribed in AMS 26.35 , kad i t'g l aph i t Inspec t uui. ’ The radiographs and product 
shall he ident i ; iod .so iliat the exac t posltit»n ol encti radiograph can be 
correlated with the specific area on a particular prr>duct. 


5,7. 1.2. Ultrasonic Inapo c i ic»r. . i;nleaa c'llterwi.ie agreed no by the purchaser and the 
vendor^ final pro»ducts shall be 103% inaperled u It rasonical ly In accordance 
with GE Specification P3AYA15, U1 1 rwiion i c Method of Inspection,*' using s 
3% notch criteria. ditraHonlc Ihillcatlons having any of the following three 
descriptions are considered tejwcinbie and could be cauae for rejection of 
the entire piece in which the incite at it>n appeara: 
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5. 7. 1.3. 


5.7. 1.4. 


1. The aaplltude of an ultraaonlc signal fro* the «aterial la “ BOX of full 
screen. 

2. The aiaplltude of an ultraaonlc signal fro- the -atarlal 

full screen and the signal response indicates the source of the signal la 

l/8--lnch long« 

3. Two ultraaonlc signals having anplltudes 25X which e-anata fr«a sources 
which arc within 1/4-lnch of each other. 

Pen.tr.nt Inspection. The exterior surface of product, shall be 

inspected «d /ound free of flaw, as speclfi.d in p.rMrsfh. A,1 and 4.3 ualag M 

Specification P3CYA17, "Fluorescent Penetrant Inspection," (Magnaflux 
penetrant ZL-22A shall be used). All parts thus Inspected shall bo -arked 
with ink at-nps as described in the specification; impression startings or 
etching shall be unacceptable. 

Reports, The manufacturer shall supply at least three copies of a-N8P 
^’Material Test Summary” forms for each lot of material in place of or In 
addition to standard vendor teat certification forms. The Haterlal Teet 
Summary” forms summarize all test information required by thta ape • If lee t lab. 

Copies of the forms v»lll be supplied to che vendor by G1-N8P. 

Rejections. To be handled in accordance with the Rojectlona Article of the 
Condi tiona of Purchase which appear on the reverae aide of the Purehaee Order 
Form. 

Referee. If the manufacturer and the purchaser disagree concerning the con- 
formance of the material to the requl rement.^ of this specification or to/ 
special teat specified by the purchaser^ a mutually acceptable referee a teat 
shall bt used to determine conformance. In the event that a referee caanot be 
mutually agreed upon, the General Electric test results will prevail In determln % 
the acceptability of the material. 

PREPARATION FOR DELIVERY 

Identification. Each bundle, box, or carbon shall be legibly and conspicuously 
marked or tagged with the numb**'* ol this specification, purchase order, or 
contract number, type, ingot numb'^r, lot number, nominal size, and the gross, 
net and tare weights. When each bundle, box or carbon consists of compenanta 
from more than one ingot number or lot number, each component shall be Identified 

individually . 

Packing. The ends of each pipe <^r tube shall l>e sealed with suit able plait Ic 
e.ch Incllvldunl Item shall be wrapped In heavy gauge poXyethylsns 
or similar material and packed In a manner assuring safe delivery when prwperly 
transported by a common carrier. 
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7.1. 


7.2. 


7.3. 


DBFINITIOWS 

Lot A lot Shall include all material of the same size, shape, condition, 
^■finished from one heat of material and which has received the 
Tas been annealed In the same vacuum annealing charge, and 

simultaneously tn all operations In which temperatures may reach 500 F or a^ve 
^en process temperatures and environments are closely controlled or when cloe.ly 
!^JacLt sizes r^eive similar processing, lots may be combined for c»>eml*=al. 
Tensile, and stress-rupture iests only, provided prior written approval ha. 
been obtained from the General Electric Company. 


Check Analyais. A check analysis Is an analysis in addition to the certlllcatAd 
analysis. It shall be perior»cd by the purchaser ol the netal, hi* designated 
agent^ or the referee in case of dispute (see paraRraph 5.9. )• Pemi*8lble 
variations In the analytical results of the check analyses lauat confom to thoee 
described in paragraph 5, 4. 1.3. 'fhese variations allow for a mmximam scatter of 
analytical data from a specific sample for the given element under reproducible 
analytical conditions. 

Significance of Numerical Umits. For determining compliance with the specified 
limits for requirements ^f the properties listed below, an observed value or 
a calculated value shall be rounded off using the rounding-off method in A9m 
Designation E29, ’’Recommended Practices for Designated Significant Places In 
Specified Limiting Values.” 


Test 

Chemical Composition and Dimensional 
Tolerances (When Expressed Decimally) 

Tensile Strength 
Elongat Ion 
Rupture Life 


Rounded-Off Unit foi 
Obs erved or Calculated Value 

Nearest Unit in the Last Right 
Hand Place of Figures of the 
Specified Limit 

Nearest 100 psi 

Nearest 1% 

Nearest 0,1 Hour 
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Scope. This ipectf Icatlon covert T-111 alloy In tube and pipe font Intended 
for high-temperature structural application and alkali aetal contalneont, 

APPIICABUS DOCUMEN TS 

The latest revisions of the following documenta apply. 


Government Documents. None 


Non -Gove ’'nment Documenta 


ASTTH Designation EB 


ASTM Designation E29 


ASTM Designation £112 
ASTM Designation E195 


GE Specification PlODYAll 
AMS 2635 

GE Specification P3CYA17 
GE Specification P3AYA15 
GE Specification P4AYA20 


GE Specification P4AYA21 


Methods of Tension Testing of Metallic 
Materials 

Recommended Practices for Designating 
Significant Places In Specified tlmltlng 
Values 

Estimating Average Grain Size of Metals 

Methods for Chemical Analysis of Reactor 
and Commercial Columblua 

Qualification of Vacuum Furnaces for Annealing of 
Cb-lZr and T-iU (Ta-8W-2Hf) Alloys 
Radiographic inspection 

Fluorescent Penetrant Inspection 

Ultrasonic Method of Inspection 

Chemical Cleaning of Columblum^ Tantalum, 
and Their Alloys 

Chemical Removal of Konref ractory Metallic 
Contamination from Coluablum, Tantalum, 
and Their Alloys 


REQUIREMENTS 

Vendor Quotations . Vendor quotations will state that the asterlal quoted will 
be produced in accordance with this specification. 

Manufacture. Material covered by this specification shall be made from l&gots 
which have been vacuum melted by the -electron beam (preferred but not mai»dstory> 
followed by double consumable electrode arc melting processes. Breakdcsm opera- 
tions shall be performed with conventional extrusion, forging, tube reducing, 
and drawing equipment normally found in primary ferrous and nonferrous plants. 
When canning is used as a means of protection, mild steel Is the recowseaded 
material to temperatures up to 2300*P, and above 2300*F molybdenum canning Is 
recommended. 
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I 


SEAMU8SS TUBING AND PIPE: T-lil (Ta-bW-2HD AlAJOY 


April 21,1971 


B507A325 


Proceaaing . Th« itartlng atock alze, proceaslng temperature, percentages of 
reduction, In-proccsa annealing temperatures and times shall be selected by 
the vendor to achieve the grain size range specified In paragraph 3.6. and 
mechanical properties specified In paiagraph 3.7. The total amount of reduction 
from the turned Ingot to the final product shall exceed 75%, and the amount of 
final reduction for each mill product (l.e., the reduction Imparted betweei the 
final In-proceas recrystallizatlon anneal and the final heat treatatent) shall 
exceed 30%. After the final reduction, the final product shall be given 
a final vacuum anneal for one hour at a temperature of 3000*F i 25*F. The 
amount of total reduction and final reduction shall be reported for each mill 
product in the certificate of compliance. 

Condition. 

Gener«l. The finisheJ product will l.u supplied in the recry«t«lllzed condition 
throughout the cross sectional area to the grain size range specified In 
paragraph 3.6. 

CAUTIONS 

Avoid contact between T-ill alloy and copper, nickel, or their alloys except lor 
the copper crucibles used for melting* 

Cutting with a cuto ff wheel should be axolded If poaslble. If this operation la 
required, a alllcon oorbide wheel (Alilson C120-K-TIA) must be uaed. Alumina 
cutoff wheels should never be used. 

Clea ning Prior to He at T reatment . All material should be cleaned per GK fipecl- 
f Icatlon P4AYA21 fol'»-'W€d by cleaning per GE Specification P4AYA20 prior to 
In-process or final neat treatment. Also, all material undergoing a atralghtemlng 
operation following final annealing should be cleaned per G1 Specif Icatlen F4ATA21. 

Qualification of Furnaces . Any vacuuni iurntce to be used for either In-prmceea 
or final annealing of T-llI must be qualified as explained In GK Spf.clf Icatlon 
PlODYAll to minimize the possibility of contamination. 

Heat Treataent. All annealing shall be canicci out at pressures of less than 
rrTor^"t^?7T All mill product* to be annealed shall be thoroughly degreased, 
chenii -allv cleaned per 1.4. 2. and pmirete.l from furnace parts by a layer of fr^h 
Co-lZr (preferred) 0b-12r, tantalum of rolumlilum foil 0.002-lnch thick or greeter. 
If foil Is used for orotectlve wrapping of material to be heat treated tantslu. or 
Cb-lZr wire should be use ; whenever p( s..il-le for securing of the foil wrap 
about the material. If spot or tact, welding is used for attaching ° > 

a molybdenum electrode shall be used and welding contact points shall ^at 
a double thickness of the wrapping maierlal. The ground clamp s al 
a refractory metal or alloy. The use ol a copper electrode for "P''* ^ 
welding Is not permissible. The welding electrode should not come in direct 
contact with the material or component being prepared for anneal. 

When annealing Is carried out at pres.cure.s g, eater than 1 * 10 

prior approval of the purchaaer, all mill producta shall be enclosed in a 

chemically cleaaed Cb-lZr alloy, tmiti. .im, or columbium ‘•«*°>’* °*' ** 

a minl-u. ef two layers of fr.ah Cb-lZr alloy, twtalum, o*- 

P.002 inch thick or greater. The conditions of final annealing shall be 

reported In the certUioate of compiliince . 
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j *11 to h« free of surface conta»inatlon or internal 

material ah.ll be exa-ine. ^t.Uo- 

ffranhicallv for evidence of poaalble contamination cauaed by unaatlafactory 
h”f r^a Lg atmoapherea or^rocea-lng oamdltlona. A -Icrehartn... travera. 
ah!ll show a hardness not greater than Si, »HN from the center to the surface 
of a cross sectional sample of the final product. At the f ^!ct 
Durchaser, samplea taken to include at least one surface of the final product, 
and not exceeding 0.050 Inch thick, may be chwlc.lly f 

for oxygen, nitrogen, hydrogen, and carbon. The analyses shall not ^ 

llmitrset forth in paragraph 1.5.2. Any indication of contwlnrtlon -hall bs 
cause for rejection of all material .epreaented by that sample. The mstwlal 
shall yys acceptable if the contaminated layer is completely eliminated before 
shipment by a machining operation within the specified dimensions and tolerances. 

3.5. Chemical Composition 

t 5 1 Ingot/Billet Composition. The chemlc:il composition of °®“" 

version tc riTlahed prodiicts shall be analyzed and must conform to Table I 
(IZl 5) A minimum of four analyses shall be obtained aa follows: ingot-t^- 
cM^r.^op-mld-radlus, and topedge, and ingot bottom-center. Duplicate 
are required for carbon, oxygen, nitrogen, and hydrogen of each location. See 
paragraph 5. 4. 1.3. for permissible variations. 

Production composition. At the dl.cretlon of th. P"*; 

m«rbe analyzed to dLeni. iI^ the metallic element, stated In Table I. 
of the analytical results to conform with the requirement, of Table I •“•11 ^ 
cause for rejection of all material represented by the analytical sample. I , 
at the discretion of the purchaser, the final products are not analyzed for 
^taUic rieLts, the manufacturer's ingot analysis in accordance with 

described in paragnph 5. 4. 1.3. and the average of the values satisfying th 
criteria must not ejceed the limits ll.«ted below. 

F1k« 1 Product Concentration Limit gj ppm 


For Wall Thicknesses 
0.020'* or Greater 


For Wall Thicknesses 
liBSS Than 0.020'* 


Element 

75 

IM 200 

„ 100 

Nitrogen 'O 

Hydrogen 

Grain Sl.e . -me grain size of the final producta saall be measured and must 
conform to the following limits; 


•% 
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TABUe I 

CHEMICAL COMPOS I TIO^ 
T-111 (T»-8W-2Hf) ALLOY 


Element 

Minimum Concentration 

PP« 

Maximum C onceBtratiom 

EBS 

Carbon 


40 

Oxygen 


100 

Nitrogen 

- 

50 

Hydrogen 

- 

10 

Columblum 

- 

1000 

Zirconium 

- 

500 

Molybdenum 

“ 

500 

Chromium 


200 

Cobalt 

Iron 

Copper 

- 

50 

50 

50 

Nickel 

- 

50 

Vanadium 

- 

20 

Silicon 

- 

20 

Manganese 

- 

20 

Tungsten 

7.0 V /o 

9.0 w/o 

Hafnium 

1.8 w r 

2.4 w/o 

Tantalum 

Remainder 

- 
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Allowable Spread 

Product Wall Minimum Allowable In ASTH Grain Size Mlnimu® Percent 

Thickness. Inches ASTTH Grain Size ^Q. Nos, in Any One Item Recry at alligation 


Less than 0,010 7 2 100 

> 0,010 to 0.065 6 2 100 

> 0.065 to 0.125 5 2 100 

> 0.125 to 0.250 4 2 95 

^ 0.250 to 0.500 3 3 90 

Mechanical Properties . The final product shall satisfy the following mechmnlcal 
property requirements: 

Room Temperature Tensile Properties. Representative samples of the materiel la 
final fo^ shaU be tested in tension at room temperature (65* - 85*F) aad must 
meet the following pro^rty limits: 

Ultimate Tensile 0.2% Yield 

Strength^ kal Strength^ kal Elongation, 

Min Iraum Maximum Minimum Maximum Minimum 


% Elongation in 4D for threaded or buttonhead test apeclmena; in 1 Inch 
for flat specimens. 

3.7.2. 3treaa-tO"Rupture Tests . 

3. 7. 2.1. Test Requirements. Representative samples of the material In final form shall bm 
aTress-rupture tested under the following conditions and must have the minimum 
stress-rupture life shown. For the test results to be valid, the samples must 
satisfy the environmental contamination criteria of paragraph 3. 7. 2. 2, 

Minimum Life 

Test Temp., ®F Stress, ksl Hours 


3. 7. 2. 2. Environmental Contamination. Chemical analysis of stress-rupture specimens 
after test shall demonstrate that the degree of environmental con^.amlnat Ion 
did not exceed the follow. ng limits. 

Maximum Allowable Increase 
In Concentration of Impurities, ppm 


Carbon 20 

Oxygen 35 

Nitrogen 20 

Hydrogen ^ 

The maximum allowable increase In the concentration of a given interstitial 
element shall be the difference between the average concentration of each 
element in the stress-rupture specimen after tjatlng and thf average concen- 
tration of thac element in the final product from which the s tress -ruptiire 
sample was taker. The average concentration shall be base'j on the average 
of duplicate analytical results. Permissible variations in analytical 
results are described in paragraph 5. 4. 1.3. 


1 
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3.7.3. Hydrostatic Test. Each tube, l/8-lnch or larger In outside dlaaeter vlth a v#all 
thickness of O.'SlS-lnch or less, shall be tested to a h/drostaCic pressure 
sufficient to product a hoop stress of 50,000 psl. The test pressure, not to 
exceed 10,000 psl, shall be determined by the equation (P - 2 St/T)), where: 

P - hydrostatic test pressure In pounds per square inch; 

S • 50,000 pal; 

t • average vail thickness of the tube In Inches; 

D - outside diameter of the tube In Inches. 

The test pressure shall be held for a mlnliaum of 5 seconds. After testing, 
the tubing shall show no bulges. leaks, pinholes, crack/i, or other defects. 

3.7.4. Flare Test. A section of the heat treated tube shall be flare tested without 
cracking. The flare shall be raadc with a tool having a 60-degree included 
angle until the specified outside diameter has been increased by 20 percent. 

3,8. Tolerances 

3.8.1. Dlesieter snd Wall Thickness . The permissible variations in diameter end well 
thickness of tube shall not exceed those prescribed in Table II (refer to page 
8 ). 

3c8.2« Length. When tube is ordered cut-to-xengtb , the usable length shall not be 
less than that specified, but a variation of plus 1/8-lnch will be permitted 
in lengths up to 6 feet. In lengths over 6 feet, a vcrlatlon of plus 1/4-inch 
will be permitted, unless otherwise specified. 

3.8.3. Straightness. The tube shall be free of bends or kinks. For lengths up to 

10 feet, the maxlrniSB bow shall not exceed one part In 1200; for lengths greeter 
then 10 fret, the maximum bow sha’ 1 not exceed one part In 600; unless other- 
wise agi«cd up^« 

^ maximum allowable discomtdiuitip.s 

4.1. General. Cracka, laps, seame, fins, and tears sha)l be unacceptable. The 
surface shall also be free from oxide or scale of any nature, grease, oil, 
residual lubricants, or other extraneous material. 

A.-y. Porosltv and Inclusions. Porosity o.* inclusions with dlnemeiona greater then 

3X of the wall thTctoes\ or 0.005-lnch, whichever is mseilerv shall be unaccep- 
table with a minimum rejectable Indication of 0.001-lnch. Porosity or 
Inclusions with dimensions in the range of IZ to 3Z of wall thickness must be 
a minimum of 0.5-lr.ch apart. Porosity or inclusions with dimensions lass than 
IZ of the wall thickness must be a mlnltP’im of 0.12-lnch apart. 
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TABUE II 


PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS 


Nominal 

OD, Inches 

ODj Inch 

ID, Inch 

Wall 

Thickness^ % 

0.187 

to 0.625 

± 0 004 

± 

0.004 

± 

10 

> 0.625 

to 1.000 

± 0.005 


0.005 

± 

10 

> i.OOO 

to 2.000 

± 0.0075 

± 

0.0075 

± 

10 

> 2.000 

to 3.000 

± 0.010 

± 

0.010 

± 

10 

> 3.000 

to 4.000 

± 0.0125 

± 

0.0125 

± 

10 


NOnS; 

(1) Tolerances are applicable to only the two dinenslons »ptcifled 
on the purchase order^ e.g., f^utside diaaet-r and wall; Inalda 
dlaaeter and wall; outside diameter and inalde diameter. 

(2) tor tolerances applicable for very small tubes (less than 
0.187-lnch-dlameter) or very thin-^all tubes (less than 
0.010-lnch-thlck) ^ the producer shall be consulted. 

(3) For tubes having an Inside diameter less than 60% of the outside 
dia.iieter or a wall 3/4 inch or over thick, which cannot bo 
successfully drawn over i.. mandrel, the Inalde dlar^eter nay vary 
by an amount er ual to plus or minus 10% of the wall thicknesa. 
The Wall thickness of these tubes .may vary plua or minus 12 5% 
from that specified. 

(4) Ovality measured at any cross section: For tubea with nominal 

wall thickneas less than 3% of the nominal outetd^ diameter the 
ovality tolerances are double the tolerances in column 2 or^3. 
For ovality tolerances for tubes with wall thickness less than 
2% nemlnal outside diameter, the preducer shall be censulted. 


OEIGtNAIi PAGE B 
OF PX)R QUAUre 
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4.3, 


5. 


5.1. 


5.2. 


5.3. 


5.4. 


Surface Rework , All surface pores, grimes, cracks and other defects deeper than 
0/(Xl5-lnch or 32 of the wall thickness, whichever la aaeller^ are unacceptable. 
Defects nay be reaoved by grinding provided the wall thickness Is not decreased 
below that permitted In Table II (refer to page 8). Grinding should be done with 
either silicon carbide paper or a silicon carbide grinding v^eel. Complete 
removal of surface defects must hit assured by a final swab pickle (to remove 
smeared metal) with T-111 allo> solution (GE Specification P4ATil20) 

followed by fluorescent penetrant Ins^eciion of the ground area. The defect can* 
not be considered as being removed until no bleed beck of penetrant can be 
detected following grinding and pickling. 

QUALITY ASSURANCE PROVISIONS 

V^dor Responsibility . The asnufaccuiei shall make all testa and inspect Iona of 
tWmTteVlal covered by this specification before shipment unless otherwise speci* 
fled. All test snd inspection results shall be furnished to the purchaser. 

Customer Review ^ General Electric is to leceive advanced notification of all 
non-proprietary melting, elevated temperature (greater than 500*F) processing 
operstlons, testing and nondestructive inspection and Is to have the privilege 
of witnessing said operations, Th.* manufacturer shall give the purchaser smpls 
notice of the time and place of designated teats. If the purcheser's represms- 
tstlve Is not present at this time and a new date la not set, the requirement of 
purchaser's Inspection at the place of testing Is waived. When the purchaser* e 
representative Is present at the appointed time and place, the manufecturer 
shall afford him, without charge, all reasonable facilities to assure that the 
material la being fuml<^hed in accordance with thlb apeclflcatlon. This Inapec- 
tlon shall not interfere unnecessarily with production operation. 

Sample Selection, Care shall be exercised to Insure that the sample selected 
tor testing is representative of the material and uncon tamlnated by the sampling 
procedure^ Samples for the deterDilnst i on of mechanical properties shall be 
selected so as to corsume a mlniii.iDi amouitt of material, l<>e., specimens may be 
taken transverse to the final working direction from plate and sheet end from 
strip If of sufficient width. If theie is any question about the sampling 
technique or tne analysis, the meihuis for sampling and analyala ahall be those 
agreed to by the buyer and seller. T!.e H^^cclmcn configuration selected for 
the performance of the testing re^iul red in paragraph 3,4.2, and 5,4, 3. ahall be 
mutually agreed upon by the vendor and >>urcha8er prior to placement of a pur- 
chase order*. The location of a.U tear sanplaa shall be reported in the certi- 
ficate of compliance. 

Test Methods 


5.4.1. Chemical Anal v»e ft 




5.4. 1,1. Test Procodiiies. Chenlcal anaJvbc»s 
procedures^ such as the vacuum iu-si. 
for carbon, and spec t r<H*homli'a I me i ! 
be settled l)y nc'ceptcd rel<«i*er netb ■ 
’'Methods for Chemical Annlysif- ^ ‘ 
the combust 1 on/c('nduc' t (jme t ri c meth<u 
oxygen and hydrogen; the niert^ KJrl(i 
gas fusion method for nltrc^gen ruul i* 
for metallic impurltirs; the X-ray f 
prepared from the fully oxidized 
or atomic’ absorption method for !iaft; 
used shall be mentioned In vendoi' qu 




le cond\icttrd by mutually acceptable 
i, lor gases, the combustion method 

for r;.etalllc elements. Disputes shall 
. t! )i ns the ASTV Designation E195, 

.iri. r .uid Coramerlcal Columblum." Specifically, 
foi* carbon, the vacuum fusion aiethod for 
chi method for nitrogen or the carrier 
x>Kcn; the emission spectrographlc methods 
111 rcscencc method (using a briquette 
j'h ) for luingsten; and the colorimetric 
ux. Tin analytical techniques to be 
d .1 1 1 <>ns . 
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5.4. 1.2. Check Analyeg . Check enalyeee ( eee paracrtph 7.2.) eay be performed by the 
buyer at hla diacretlen and auat cenflra that the lapuritlee are within specified 
lieita. Referee (see paragraph 5.9.) analyses shall be used to resolve disputes 
arising free differences in vendor and buyer analyses. 

5. 4. 1.3. PenaisBible Variations in Analytical Results . Results of analytical deter- 
■inations for the interstitial elements^ oxygen^ carbon^ hydrogen^ or nitrogen, 
Must be within the pemissible range Indicated below; 

Average Conceatration of a Given Permissible Variation froe the Average 
Interstitial Element, ppm of Duplicate Analytical Results 


0-10 

± 

80% 

11-40 

± 

40% 

41-100 

± 

20% 

101-150 

± 

15% 

151-1000 

± 

10% 


In the event that the values are not acceptable, an additional duplicate 
analyals shall be performed. All values obtained (original duplicate plua 
second divUcate) shall be averaged and the penaiasible variaiona criteria 
applied. The average of all acceptable values,, twe minimum, ahall be uaed in 
determining the average concentration. 

5.4.2. Tensile Test . The teesion test ahall be conducted in accordance with AtfS 
Designstion B8, "Metliods of Tension Testing of Metallic Materials. " Yield 
strength shall be determined by the offset (0.2%) method. The tensile prepertlea 
shall be determined using a strain rate of 0.005 inch per inch per minute up 

to 0.S% offset and then 0,050 inch, plus or minus 0.029 inch, per inch per miauta 
to fracture, 

5.4.3. Stress-Rupture Test . Stress-rupture properties ol .4pes.xmena shall be determined 
by mutually acceptable testing techniques. Suggested testing techniques for 
determining stresa-rupture properties are: 

-6 

Specimens shall be tested at pressures of 1 x 10 torr er lees. 

The vacuum system shall liicorporate an optically tight liquid 
nitrogen cold trap or n getter-ion pump. 

Specimens shall be held for a half hour at the teat tempersture 
before application of loa(i. 

Test temperature shall be maintained at plus or minus 10*F during 
the test. 


5.4.4. Grain Sl^e . Grain size determinations shall be made according to A8HI Mpmei* 
flcatlon K112, "istimating the Average Grain 81ae of Metals/' 

5,5* Nvber of Teats Reg ul rad on yij y| l 

3«5*1« Deatructiva Evaluation * Representative teat spacimena from tha finished product 
representing each ingot and aach lot of matarlal ahall ba tasted to determine 
conforadty to this aped flcatlon* The alnljiun fraquaacy of thaee taata ahall hei 
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Interstitial (Carbon, Oxygen, Hydrogen, Nitrogen) Analyses 
two per lop per ingot. 


HafniiA Analyses - one per lot per IngoL. 

Tensile Test - two per lot per Ingot. 

Stress-Rupture Test - two per lop per ingot. 

Flare Test - two per lot. ln;^,ot 

Grain Size - two per lot per Ingot 
(One longitudinal and one transverse) 

Microhardness Traverses - one per lot per ingot. 


Saa paragraph 3.5.2. 
See paragraph 3. 5. 2. 

Sec paragraph 3. 7.1. 
Sea paragraph 3. 7.2. 
Sec paragraph 3.7*4. 

3ee paragraph 3.6. 
Sec paragraph 3.A.5. 


Nondestructive Evaluation . The following nonde.tructlve Inepectlone shell be 
perfonied 1002 on all final products unless otherwise specified; 


Ultrasonic Inspection. 

Fluoreacent Penetrant Inspection, 
Hydroatatic Proof Test 


See paragraph 5.7.I.2. 
See paragraph 5.7.1. 3. 
See paragraph 3. 7 .3. 


5 ® an d Rewo rk 

5.6.1. Surface C ontamina tion. Any sample or spirMfien exhibiting obvious surface con- 
tamination or improper preparation which riidquallfles It as a truly repreisntatlve 
sa>T>ple shall be replaced with a new sdjnplc. 

5.6.2. Rework . If inspection and test results oi a lot 6o not conform to the^require- 
menttrof this specification, the lot may be reworked at the option of the 
manufacturer. The lot shall be accept ;»ble ii all test results, after rewerking, 
'o**f'^rm to ..his specification. 


5.7. 


fct ion. 


5.7.1 


.lods or Ins pectio n 


5.7. 1.1, 


Radlonraphlr. When .speclflpct, iho pm-i-i, i shall he radioKraphed wid found fr*. 
^TTporoflity and inclusions as spectlicd in paruKratih 4.2. uslnR th. t.chnlqu«« 
described in AMS 263.^), "UacUoKniphi c Inspect loii. I'he radiographs and product 
shall be Identified so ih.al the exacl position of each radlogr.ph can b. 
correlated with the specific area on a piirticiilar product. 


5.7. 1.2, Ultra.onlc Inspection. Unless othenitic agr.ed #o by the purch.a.r and tk. 

i;imoor, fnii promts shall b. 109% Inapected ultrasonlcally In accord.nc. 
with uE Specification P3AYA15, "ultraaoiiic Method of Inspection, using S 
3% notch crlt.rla. KlirasOBlc Indications having any of th. following thr.. 
descriptions sre considered re.teciahle and could b. cause far rejection of 
the entire piece In which the indication appeert: 
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!• 


2 , 


3. 


The aaplitude of an ultrasonic signal fro« the material Is - 802 of full 
screen* 

The airtplitude of an ultrasonic signal from the material is 252 to 792 of 
full screen and the signal response Indicates the source of the signal Is 
1/8-lnch long* 


Two ultrasonic signals having amplitudes 
which are within 1/4-lnch of each other. 


252 which emanate from sources 


5. 7.1. 3. Penetrant 


Inspection* The exterior surface of products shall be 1002 pemetrant 
and fowd free of flaws as specified in paragraphs 4.1 and 4.3 uaimg OE 


inspected 

Specification P3CYA17, "Fluorescent Penetrant Inspection," (Magnaflux 
penetrant ZL-22A shall be used). All parts thus Inspected shall be marked 
wit^ ink "tMiios as described in the specification; impression stampings or 
etching shall be unaccepi»blc. 


5. 7. 1.4. Reports. The manufacturer shall supply at least three copieo Gl-NSP 
"SaterTal Test Summary" fora.^ for each lot of material In place of or in 
addition to standard vendor teat certification forms. The "HatsrlaX Thst 
Summary" forms sumwarlxe all lest information re^iulred by this spselflgmtlom. 
Copies of the forms will be supplied to the vendor by GS-NSP. 

5,8. Rejections . To be handled in accordance with the Rejections Article of the 

Conditions of Purchase which sppesr on the reverse side of the Purehsse Order 
Form. 


5,9. Referee. If the manufacturer and the purchaser disagree concerning the cen- 

formance of the material to the requlrementw of this specification or say 
special test specified by the purchaser, a mutually acceptable referee’s test 
shall be used to determine conformance. In the event that a referee camnot be 
mutually agreed upon, the General Electric teat results will prevail In determining 
the acceptability of the material. 


6. PREPARATION FOR DELIVERY 

6.1. Identification. Each bundle, box^ or carbon shall be legibly and conspicuously 
marked or tagged with the number of this specification, purchase order, or 
contract number, type, ingot number, lot number, nominal size, and the gross, 
net, and tare weights. When each bundle, box or carbon consists of compeoents 
from more than one ingot number or lot number, each component shall be identified 
individually. 

6.2. Packing. The ends of each pipe or tube shall be sealed with suitable plastic 
c7ps and each Individual item shall be wrapped in heavy gauge polyethylene 

or similar material and packed in a manner aaaurlng safe delivery wken preperly 
transported by a common carrier. 
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DEFINITIONS 

L(''t . A lot shall . lu lufle all inateriai ot th; ® ■'.me shape; condition; 

and* f inished from «>n. heat ^.f material and which has received the ea»e proceeelng; 
has been annealed In the same vacuum annealing charRe, and has been processed 
simultaneously In all operations In which temperatures may reach 500*F or above. 
When process temperatures and environments are cloaely controlled or when closely 
adiacrnt si/.es receive similar processing; lots may be combined for chemical; 
tensile, and stress-rupture tests only, provided prior written approval has 
been obtained from the Caneral Electric- Company. 


C heck Anaiyais, A check analysis Is an analysis in addiiion to the certificated 
analysis. It shall be performed by the purchaser ol the metal; his desig;nated 
agent; or the referee in case ol dispute (see paragi'aph 5.9.). Permissible 
variations in the analytical results of the check analyses must conform to those 
described in paragraph 5.^. 1.3. These variations allow for s maximum scatter of 
analytical data from a specific sample for the given element under reproducible 
analytical conditions. 

Signific an ce of Numerical Limits . For determining compliance with the specified 
limits for requirements of the properties listed below; an observed value or 
a calculated value shall be rounded off using the roundlng-^ff method in ASTM 
Designation E29, ‘'Recommended Practices for Designated Significant Places in 
Specified Limiting Values. ' 


Test 

Chomii-al Composition aiuf Dimensional 
Tolerances (When Expi'csscd Iieclmaily) 

Tensile Strength 
Elongat lr»n 
Rupture Life 


Rounded-Off Unit for 
Observed or Calculated Value 

Nearest Unit in the Last Right- 
Hand Place of Figures of the 
Specified Limit 

Nearest 100 psi 

Nearest 1% 

Nearest 0.1 Hour 
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APPENDIX D 


PROCESSING OF T-111 .ALLOY 


FAN STEEL METALLURGICAL CORPORATION 


The major portion of the T-lli alloy mill products was produced by 
Faiisteel Metallurgical Corporation. In the pix)duction of T-IH alloy ingots, 
tantalum and tungsten powders are blended in one large charge at Fansteel's 
Muskogee, Oklahoma, faci 1 i ties . Sabse*quently , the powders are hydrostatically 
compacted and sintered into rectangular bars. Consolidation of the T-111 
alloy is accomplisiied first by double EB-melting the sintered Ta-8W bars 
into 5-inch (12.7-an) ingots. The hafnium addition to the alloy is accomplished 
by GTA-welding reactor-grade hafnium strips to the full length of the electrode 
produced from the 5- inch (12 . 7-am)-diajiie ter EB-melted ingots and single vacuuin- 
arc-melting to produce either a 7 1/2-inch (19.1-cm)- or a 9 1/2-inch (24.1-an)- 
diameter T-111 alloy ingot. Six arc-cast ingots were required to fulfill the 
program requirements. Heat numbers and ingot sizes are: 


Heat No. 


Size 


Melting Source 


111D1632 

111D1633 

111D1670 

111D1102 

111D1765 

1111)1829 


9 1/2 in. (24.1 cm) 
9 1/2 in. (24.1 cm) 
9 1/2 in. (24.1 an) 
9 1/2 in. (24.1 cm) 
7 1/2 in. (19.1 cm) 
7 1/2 in. (19.1 cm) 


Braebum Alloy Steel 
Brae burn AllO'^ Steel 
Univ. Cyclops Steel 
Univ. Cyclops Steel 
Fan steel 
Fansteel 


After machining, the ingots were shipped to Canton Drop Forging Company, 
Canton, Ohio, canned in Type 304 SS seamless pipe, and extruded. The 
extrusion pariuneters are presented in Table D-I . 


Heats 11ID1G32/1I U)1 033 

After extrusion, the cans were removcfd and the billets were conditioned 
for forging at Anderson- Sciiumaker, Chicago, Illinois. Forging was to l>e 
performed at 2200 -2300 F (1204 -1260 C) on open-face dies using a 6000- 
pound (2720-kg) h.amjiicr; however, inspection of the extrusions I’evealeci 
extensive cracking along the entire length oC both ext rusions. A transverse 
slice of oiK' ot I lu* extrusions was f<jrwai’Ued to General Licctrie. for examiua- 
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EXTRUSION PARAMETERS FOR T-111 ALLOY INGOTS 



T^ was wl tr-rirawn , a ttisIut blLick ln9.-»rred Ir. tbo .ontalner an; subsoquentlv the extrusion was completed (approximately 

lO-aecor. : ieiay). The tall cf the extrusion showed cr;>rkH similar to those In the first extrusions. 


I 


tion. Macrographs of the transverse section, shown in Figure D-1. revealed 
three major cracks which were intergranular in nature and at approximately 
120° intervals around the periphery of the extrusion. 

An investigation was performed to delineate the possible cause of the 
cracking. A Rockwell hardness survey across a transverse slice from one of 
the first 5 1/8-inch (13-cm)-diameter T-111 alloy extrusions (No. 111D1632), 
which had cracked, revealed no significant hardness variation across the 
billet, and the average hardness was found to be 61 R^. Subsequently, the 
transver.se slice from the extrusion was sectioned, as sho\«n in Figure D-2, 
to prepare specimens for metallographic examination and chemical analysis. 
Samples were obtained from the center and from the edge of the extrusion. 
Photomicrographs of the extrusion are shown in Figures D-3 and d- 4> »nd 
no major amounts of precipitate or second phases were observed at any of the 
locations examined. 

Chemical analysis results of the slice are shown in Table D-II. Based 
on the chemical analyses of 3 one cross section of the extrusion, the 
ingot appeared to be reasonably homogeneous. The results of chemical 
analysis do not indicate any obvious concentrations that might contribute to 
observed crackinp. 

T-ili aMoy rods measuring 2 1/4 inches (5.7 cm) and 3 3/4 inches (9.5 cm) 
in diameter were salvaged from these two T~lxi alloy ingots. Tlie 2 l/4~inch 
( 5 . 7 -cm)-diame ter material was processed into 1/8-inch- to 1 1/2-inch (0.32- 
to 3.8-cm)-diamcter rods and 0.062- and 0.094-lnch (0.16- and 0.24-cm)- 
diameter wire; the 3 3, 4-inch (9 . 5-cm)-diametcr material was processed into 
0.005- and 0.009-inch (0.013- and 0. 023-cin)-thick foil, 0.040-inch (O.lO-cm)- 
thick sheet, and 0.500-inch (1 . 27-cm)- thick plate. Processing temperatures 
were less than 800°F (427°C). All of these products except the 1 1/2-inch 
(3.8-cm)-diameter rod were given a final anneal of 2687 F (1475 C) for one 
hour; .lie 1 1/2-inch (3.H-cm)-diiimeter rod was annealed at 2687 F (1475 C) 
for two hours. 

Heat No, 11 ID 1670 

After extrusion, the cun was removed and the iiillei was conditioned 
for forging. No cracks were found on the surface of the extrusion as 
determined )>y dye penetrant inspection techniques. 
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Crack //I 



- Chemical Analysis Samples 

- Metallcgraphic Specimens 


C1068 1 


Figure D-2, Sectioning oil Transverse Slice Ironi 

Extrusion of Fansteel Ingot No, 111D1632 


3 





(a) Longitudinal Section 


(b) Transverse Section C1068-2 

Figure D-3. Tlie Microstructure of the Center of the Transverse Slice 
From the T-111 Alloy Extrusion - Fan steel Heat No. 
111D1632. 

Etchant: 30HC1 , 30HF, 15HN0^ a) B170311. b) B170-111 

Mag, : 30X 
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TABLE D-Il 

CHEMICAT, ANALYSES OF CRACKED T-IU ALLOY 
EXTRUSION - FANSTEEL INGOT NO. 111-D1632 


Chemical Analyses 




Perxphery 

Periphery Away 





Near Crack 

From Crack 

Center 

;men t 

W 

Hf 

C 

0 

(1) 

(O 

(2) 

(3) 

'.25% 
2,45% 
30 ppm 
70 ppm 

7.31% 
2.32% 
20 ppm 
60 ppm 

6 

2 

30 

109 

.97% 

.28% 

ppm 

ppm 

N 

(3) 

12 ppm 

10 ppm 

14 

ppm 

Ag 

A1 

(4) 

(4) 

— 

(0} 


(6) 

B 

(4) 

— — 




Be 

(4) 

— — 




Bi 

(4) 

— 




Ca 

(4) 

“* — 




Cb 

(4) 

— — 




Cd 

(4) 

— — 




Co 

Cr 

(4) 

J(4) 

K5) 

10 ppm 

(7) 

(7) 

10 ppm 

Cu 

(4) 

(?4^ 

— 

(6) 


(6) 

Fe 


64 ppm 

— 

34 ppm 

K 

Mg 

Mn 

(4) 

(4) 

(4) 


(6) 

(6) 


(6) 

(6) 

Mo 

(4) 





Na 

(4) 

!74') 


(7) 


(7) 

Ni 

K5) 

<10 ppm 

— 

<10 ppm 

Pb 

Si 

Ti 

(4) 

(4) 

(4) 

— 

(6) 

(6) 


(6) 

(6) 

V 

(4) 

— 




Y 

(4) 

— 




Zn 

■-0 

- — 




Zr 

(4) 

— 

- ■ ■■ ■ ■ — 




(1) Wet analy.sis (Ledoux & Co. Inc., Teaneck, N.J.) 

(2) Conductometric 

(3) Vacuum fusion 

(4) Spectrographic ( semi -quant it at ivc 

(5) Colormetric (Ledoux & Co . Inc., Teaneck, N.J.) 

(6) Trace amount (< 500 ppm) 

(7) <50 ppm 


NOTE: 


Semi-quant it at ive sped rogrcphi c 
in concentration of those element 
center and edge of the extrusion. 


analyse -5 revealed n<^ 
ttvu v't'ri’ lie I ec ted 


d i i fere nee 
between the 
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Trial forRings of portions of the oxtrusioii which were conducted at 
Anderson Scl n-aker, Chicago. Illinois, and Westinghouse Electric Corporation, 
Materials Manufacturing Division. Blaii.ville. Pennsylvania, were unsuccess- 
ful due to center cracking of the billets. The trial forging that was 
attempted at Anderson- Sc humaker utilized a 6000-pound (2V20-kg) hammer, flat 
dies, and an initial billet temperature of 2300°F (1260 C). The billet was 
heated in air without a procective coating. In an attempt to work the 
center o. the billet more extensively, the trial forging conducted at IVestiiv- 
house utilized a 1000- ton (9.1 x 10‘"’-kg) press. The dies consisted^of a flat- 
top die and a closed-bottom die. The billet was heated to the 2300°F (1260 C) 
forging temperature in an Inconel retort containing flowing argon gas. 
the latter case, the center cracking was confined to the ends. After condi- 
tioning to remove any contamination re.su 1 ting from the previous forging opera 
tion. this billet was heated to 170o‘^F (927°C) in ..n air furnace and rod-rolled 
successfully to 2.1-inch (5.3-cm) diameter without reheating. Subsequently, 
two 4.5-inch (11.4-cm)-cliameier billets were rolled successfully in a similar 
manner to 3 1/8 inches (8.0 cm) in diamecer and were utilized for the pioduvtion 
of 3/8-inch (0.9o-cm>-0D and one-inch (2.: '■m)-0D tubing. 

The two 3 1/8-inch (8 . 0-cm)-diameter rods w. re machined into 2.93-inch 
(7.44-cn)-diameter x 9-inch (22. 9 cm)-long billets and shipped to Wolverine 
T..be Division c- Caliuaet-Hecla. The billets were drilled to make tube hollows 
and were extruded into base tube blanks using procedures developed at Wolverine. 
The processing procedures are considered proprietary by Wolverine Tube. The 
base tubes were cleaned, the ID honed, the OD polished, recleaned and inspected. 
A brief study was performed at General Electric to aid in selecting the 
annealing temperature to be used on the base tubes prior to tute reducing. 
Samples from the base tubes were annealed for one hour at 2500°, 2600°, 2700 , 
2900°, and 3000°F (137i°, 1427°, 1482°, 1538°. 1593°, and 1649°C) in vacuum. 

The sranples were examined by metallographic and microhardness techniques. 

As can be seen i.t Figures D-5 through D-8, recrystallization has occurred 
in all of the annealed specimens. The microhardness and grain-size data are 
presented in Table D-III. A one-hour at 2700°F :i4H2°C) anneal was selected 
to obtain a desirable combination of hardness and grain size. Subsequently, 
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a) As Extriuitid 




a) Annealed, 2600^F (i427“c) - 1 Hour 


i. • • : 


b) Annealed, 2700 F (1482 C) - 1 H.,ur 


Figure D-6, Transverse Micros tiructure of T-111 Alloy Extruded 
Base Tube. 


Etchant: 30gmNH F-20miH 0-50n.lim0, 

*s 


Mag.: lOOX 


a) B830311, o) B830411 
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a) Aiim,-a UmI , 


1 Hum* 






b) Annealed, K (laba C) - 1 Hour 

ij^'ure D-7. Transverse .Mi ei’us I riu’ t u re ui' 'J- 1 1 1 Alloy Extruded 
base 'l\ibe. 

Elehant : 3()^;niN!I lil^^O-bOin 1 ILNO,^ 

Maj;.: lOOX a) imdOf) 1 i , b) BHHOdll 
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' V ' ; • 


Figure D-8. Transverse Microstructure of T-111 Alloy Extriuied 

Base Tube Mter Annealing at SOOO^F (1619^0 for One 
Hour in Vacuum. 

Etchant: 30gmNH F-20m^H 0-50mlHNO 

Mag.: lOOX (B830711) 
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TABLE D-lII 


(a ) 

MICR0HAIU)NESS AND GRAIN SIZL OF UNiVNNE^\LED AND ANNEALED 
T-111 ALLOY HEAT NUMBER 111-0-1670 EX^H^UDED BASE TUBE 


Anneal in^ 

TcMiipera l u re 
o 

F C 

(B) 

Mic ro hardness 
DPii 

ASTM Grain 
Si ze ^ 

As Rxl ruded 

314 

(d) 

2600 

13K- 

217 

7.5 

2600 

M27 

212 

7 . 5 

2700 

1482 

210 

7.5 

2800 

1538 

216 

7.0 

2900 

1593 

214 

6 , 5 

3000 

1649 

217 

6.0 


Sp(.*ci:::ons annealed ai i)r« ssuros l<-ss than 

1 X torn (1 X LO"'^ N/in^'). 

AvciM^e oi lour i liipross i ons al Mui~'Aall location; -IGO- 
^rani loacl. 

Intercept (oi* Toyn) procedure used. 

No value, specrimen heavily colti v»ork<-‘d. 
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the base tubes were wrapped in tantalum foil and annealed for one hour 

o “5 

at 2700^F (1482 C) at a pressure of less than 1 x 10 torr by Wolverine 

Tube. 

The base tubes were successfully given a 50 percent reduction to an 
intermediate tube size. Following this first tube reduction, a brief study 
was performed at General Electric to aid in selecting the annealing tempera- 
ture to be used on the reduced tube prior to further tube reducing. Samples 

o o o 

from the reduced tubes were annealed for one hour at 2400 , 2500 , 2600 , 

2700°, 2800°, 2900°, and 3000°F (1316°, 1371°, 1427°, 1482°, 1538°, 1593°, 
and 1649^0 in vacuum. The samples were evaluated by means of metal lographic 
examination and microhardness techniques. 

Recovery and/or recrystallization have occurred in the annealed specimens 

shown in Figures D-9 through D-12, The microhardness and grain-size data 

are presented in Table D-IV. A one-hour anneal at 2700^;? (1482^C) was selected 

to obtain a desirable combination of hardness and grain size. The tube was 

further reduced, annealing after each 50 percent reduction, to produce the 

1.00-inch (2.5-cm)-OD X 0.10-inch (0. 25-cm)-wall and 0.375-incL (0.95-cm)-OD x 

0.065-inch (0. 17-cm)-wall tubing. After cleaning and wrapping in tantalum 

foil, both the 1.00-inch (2.5-cm)-OD and 0,375-inch (0.95-cnO“OD tubing 

o , o 

were given a final anneal for 1 hour at 3000 F (1649 C) . 

The final vendor inspection and testing of the T-111 alloy, 0.375-inch 
(0.95-cm)-OP x 0.065-inch (0. 17-cm)- thick- wall and 1.0-inch (2.5-cm)-OD x 
0.100 -inch (0 , 25-cm)-thick wall tubing found the tubing to be free of rejectable 
defects. However, subsequent quality assurance inspection by ultrasonic 
testing at General Electric revealed numerous ID and OD defects in the 
0.375-inch (0.95-cm)-OD tubing. Many of the defects were identified hy 
visual examination, using a stereonicroscope , as OD defects of the scratch 
type which were apparently introduced during handling p4.ior to receipt by 
General Electric. These defects were easily ben.-'hc^d out. With the majority 
of the OD defects removed, the remaining ID defects we^'e easier to identify 
in a second ultrasonic inspection. ID defects which exceeded tlie specif io^> ti 
requi rements were removed from the tube \>y sectioning. The metal lographic 
appearance of typical ID d 3 fects of this type is s'louai in Figure D-13 
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Figure D 
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a) As Reduced 



b) Aniiei’.leci, 2400 F (1316 C) 


1 Hour 


C1U7-1 


9. Longitudinal Microstrucuare of T-111 Alloy Tubing 
After First Reduction. 

Etchant : 30gmNU^-20mlH^0-50mlHN0^ 

M,., , loox 0100121, b) C100221 
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a) Annealed, : SOO^F (1371^0 - 1 Hour 



Figure L-10. Longitudinal Microstructure of T-111 Alloy Tubing 
After First Reduction. 

Etchant; 30gmNH^F-20mlH2O-50mlHNO^ 


M.'icr . • lOOX 


a) C100321, b) C100421 




b) Annealed, 2H00^F (1538''*C) - 1 Hour CU27-5 


Figure D-11. Longitudinal Microstruovure of T-111 Alloy Tubi’ig 
After First Reduction. 

Etchant : 30gmNll F-2()n.iH„0-50mlHN0 

‘J U 
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Mag. : lOOX 


n) C100521, e) C100621 




a) Annea’ed, 2900 F (1593 C) - 1 Hour 



Figure D-12. Longitudinal Microstructuro of T-lll Alloy Tubing 
After First Reduction 

Etchant; 30gmNH jF-20ir,lH_^0-5 0iiilHNO,^ 

Mag.: lOOX a) C100721, b) C100K21 
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TAB1.E' U- J.V 




MIC310HARDNESS AND GRAIN SIZE OF UNANNEALED Alto ANNEALED 
T-111 ALLOY HEAT NUMBER lll-D-1670 AFTER FIRST REDUCTION 


(a) 




Annealing 

Temperature 

(b) 

Microhardness 

A SIM G] 



DPH 

Size 

As-Reduced 


276 

8.0 

2400 

1316 

2 11 

8.0 

2500 

1371 

22 V 

7.0 

2600 

1427 

212 

7.0 

2700 

1482 

204 

7.0 

2800 

1538 

207 

6.5 

2900 

1593 

202 

6.0 

3000 

1649 

203 

6.0 


(c) 


iij)t>t’iiiions annealed for one hour at pi’essurcs less than 1 x 10 torr. 
Ave ratio of lour impressions at mid-wall location: 500-gram load. 
Intercept (or Heyn) procedure used. 


’28 





Heat ' . 111D1102 


Aftex extrusion, the cans were removed, and the two billets were 

conditioned for rolling at Braeburn Alloy Steel Division of Contine.'tal- 

Cx^pper and Steel Industries Incorpma . od . The conditioned 4.25-inch 

(10.8-cm)-diameter billets from the fourth ingot were rolled to 3.5-, 3.25-, 

o 

2.75-, and 2.25-inch (8.9- S.3-, 7.0-, and 5.7-cm) diarp.ete.,'S at 1700 F 
(927^0 in air at Braeburn Alloy Steel. The finished products were given a 
final vacuum (10 ^ torr [^10 N/m J) anneal at 3000 F (1649 C) for 1 hour 
at the Boeing Airplane Company, Seattle, Washington. 

Heat No. 111D1765 

The fifth EB-inelted Ta-8W alloy ingJt (111D1765) was forged into 
4.0-inch (10. 2-cin)-diamf.ter elec rode stock at Anderson-Schumaker, Chicago, 
Illinois, and subsequently arc-melted to the T-lil composition at Fansteel, 

Tlie resulting 7.5-inch (19 . l-cm)-diameter arc-melted ingot was machined to 
6.72 inches (17.1 cm), sectioned into two equal lengths, and shipped to 
Canton Drop Forging Company for extrusion. Vhe two billets were canned in 
a molybdenum- lined Type 304 stainless steel seamless pipe by heliarc-welding. 
After e.xtrusion, the cans were removed .and the two billets were conditioned 
i > l-inch (10.2-cm) diameter and subsequently rolled to approximately 3-inch 
(7 G-cm) diiuneter at Braeburn Alloy Steel. The rolling was performed at 
too F (427^0 in air. l.ie products made from the fifth T-111 alloy ingot 
were given a final racuum-anneal at 3000^ (ld49°C) for ore nour at +he 
Boeing Company, S<>attle, Washington. 

WA^ QIAN G ALBANY PI VI SION 

A portion of the 1-111 alloy mill products required for the pr’ogram 
was produced by Wah Chang. Consol ' dation of the T-111 alloy ingots is similar 
the process de.scribed for vlie ingots pixDduced by Fansteel. Slenucd tantalum 
and tungsten pwoders are compacteii, sintcrai, and double elcctron-bean-melted 
to product a Ta-8W allov electrode for arc melting. Hafnium in the loj-r;. of 
crystal bar strip or eiectron-beam-meltcd strip is GTA-weldcd along the 
entire length of the electrode. Tlie electrode then is double vacuiun-arc-mcltcd 
to form a 6 1/2-inch (16.5-cm)-diamcter ingot. 
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Primary conversion of the c<mUitional double arc-melted ingot is 
accomplished by forging at temperatures on the order of 2400 F (1316 C). 

A proprietary coating is applied to the ingot to minimize contamination 
during processing. After initial breakdown of the ingot, subsequent pro- 
cessing to finish sizes is accomplished at relatively low temperatures 
using standard facilities and techniques. Final annealing of the mill 
products was carried out at SOOO^'f (1649°C)/1 hour in vacuum. Material 
produced by Wah Chang was foil and sheet in thicknesses of 0.005, 0.009, 
0.035, 0.125, and 0.050 inch (0.013. 0.023, 0.089, 0.318, and 0.13 cm); 
rod in diameters of 0.062, 0.094. 0.125, 0.250, 0.500, 0.625, 1.00, 1.125 
and 1.500 inches (0.157, 0.238, 0.317, 0.635, 1.270, 1.587. 2.54, 2.857, 
and 3.810 cm); bar of dimensions 1.0 x 1.0 inch (2.54 x 2.54 cm). 
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APPENDIX E 

PROCESSING OF Mo-T2C ALI/3Y 

CLIMAX MOLYBDENUM COMPANY OF MICHIGAN 

Consolidation of the Mo— TZC alloy (Mo— 1.25T1— 0. 15Zr— 0. 15C) at Climax 
was performed in their PSM facility. The blended powders are compressed, 
sintered to forni an electrode, and consumably vacuum arc melted in one 
operation. One 9-inch (22.9-cm)-diameter ingot was melted to fulfill the 
program requirements. The cropped and trimmed ingot, measuring 6 15/16 
inches (17,6 cm) in diameter was vacuum annealed at 2800°F (1538 C) for 
1 hour. One billet cut from the ingot was canned in unalloyed molybdenum 
by heliarc welding and shipped to Allegheny Ludlum, Watervliet, New York, 
for extrusion; the diameter of the canned ingot was 7 1/8 inches (18.1 cm). 
The ingot was heated by induction to 3200°? (1760°C) (optical) in an argon 
atmosphere. An attempt to extrude the Mo-TZC alloy ingot in a 7 3/8-inch 
(lg_7-cm)-ID container was unsuccessful as failure of r valve to the 
accumulator resulted in a loss of pressure. Severe cracking of the ingot 
occurred as a result of the upsetting action in the container. 

Two additional billets of Mo-TZC, machined from the same heat, were 
shipped to Allegheny Ludlum for extrusion. Prior to shipment, u'- u ingots 
were vacuum-annealed for one hour at 2800°F (1538°C). The ingot sizes were: 

Diameter Length Weight 

5.4 in. (13.7 cm) 12 in. (30.5 cm) 102 lb (46.3 kg) 

6.0 in. (15.2 cm) 21 in. (53.3 cm) 233 lb (106 kg) 

The 5,4-inch (13 . 7-cm)-diameter ingot was machined from the bottom of 
the original ingot and required more cleanup of the surface. The 21-inch 
(53.3-cm) length is a limiting dimension because of the length of the 
induction coil used for heating the ingots. 

A second attempt to extrude at Allegheny Ludlum with the 5.4-inch 
(13.7-cm) ingot also was unsuccessful. Ihe ingot failed to extrude at the 
full capacity of the press for the type and size of stem that was used. 
Examination of the billet showed that about 2 Inches (5 cm) had extruded 
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before the ingot stalled in the press, and it was apparent that very little 
of the lubricant was on the surface. It is believed that lack of lubrica- 
tion due to the possible use of too high a melting glass and/or the flat, 
shear-type die were responsible for the failure of the ingot to extrude. ^ 
Subsequent inspection of the ingot revealed that severe cracking had occurred 
from the upsetting action. 

The remaining 6-inch (15. 2 -cm)-diameter, Mo-TZC alloy billet was turned 
to 5 . 85 -inch ( 14 . 9 -cm) diameter for extrusion at duPont. The ingot was induction 
heated to 3180°F (1749°C) in argon atmosphere and extruded through a 3-inch 
(7.6-cm)-ID, ZrO^-coated conical die. The extrusion parameters are shown in 
Table E-I. As the result of severe die wash, the extrusion diameter was 
close to 3 1/8 inches (7,9 cm). Also, there appeared to be a loss of lubri- 
cation on one side of the extrusion which resulted in a series of transverse 
surface cracks along the unlubricated surface. These cracks were successfully 
removed during subsequent conditioning of the billet for rolling at Hoskins 
Corporation, Detroit, Michigan. 

The results of recrystallization studies of longitudinal samples from 
the midradius of the extruded billet are summarized in Table E-II. Although 
an annealing temperature of 3400°F (1871°C) resulted in an essentially 
recrystallized structure, metal log raphic examination revealed continuous 
films of MOgC at the grain boundaries. Similarly, the sample vrtiich was 
heated at 3200°F (1760°C) for one hour also exhibited some Mo^C in the grain 
boundaries. Since the presence of Mo^C in the grain boundaries is not a 
desirable condition for subsequent working operations, the postextrusion 
heat -treatment was limited to a stress- relief anneal at 3000°F (1649°C) for 
one hour in vacuum. A solution anneal at temperatures on the order of 
3750°V (2066°C) was not employed because of pos.sible grain growth and the 
fact that only a 52 percent reduction is required to reach the final size 
of 2 inches (5 cm) in diameter. 

The conditioned and stress- relieved Mo-TZC alloy billet was successfully 
rolled by Hoskins Corporation, Detroit, Michigan, to 2 1/8-inch (5.4-cm)- 
diameter rod. A rolling temperature of 2400°F (1316 C) was utilized. The 
2-inch ( 5 -cm)-diameter rod was machined from a portion of the rolled 2 1/8 
inch ( 5 . 4 -cm)-diameter rod. The remaining 2 1/8-inch ( 5 . 4 -cm)-diameter rod 
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TABLE E-I 


EXTRUSION PARAMETERS FOR THE 5.85-INCH (14, 9-cm)-DIAMETER 
MACHINED Mo-TZC ALLOY INGOT^^^ 


Billet Size 
Container Size 
Die Size /Design 


5. 85- inch (14.9-cm) diameter 

6.0- inch (15.2-cm) ID 

3.0- inch (7.6-cm) ID/90° conical 


Die Coating - ^*^2 

Extrusion Ratio - 3.8/1 


Lubricant 


Billet Temperature 
Extrusion pressure 


Cooling Procedure 


Billet coated with 7052 glass; glass lubricated 
with Fiske grease. Die lubricated with 7052 
glass powder and a glass-wool pad. 

3180°F (1749°C) (induction-heated in argon) 

2 

126,000 psi (868 Mlf/mg) 

115,500 psi (796 MN/m ) run-out 

Air-cooled to 1700°F (927°C); cooled in Sil-O-Cel 
from 1700°F (927°C) to room temperature. 


Extruded at E,I. duPont de Nemours and Company, Inc., Baltimore, 
Maryland . 
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TABLE E-II 


RECRYSTALLIZATION ' OF 3.125-irCH (8 . 0-cm)-DIAMETEK 
Mo-TZC ALLOY EXTRUSION^^^ 


Temperature 


(c) 


Vickers* Hardness 
Number 


% Recrystallization 


1 extrv led 


232 

10 

2800 

1538 

240 

15 

3000 

1649 

236 

15 

3200 

1760 

229 

25 

3400 

1871 

201 

98 


Conducted by the Climax Molybdenum Company of Michigan, Ann Arbor, 
Michigan . 


Extruded at E. I. duPont de Nemours and Company, Inc., Baltimore, 
Maryland, in 6.0-inch (15.2-cm)-OD container - ingot diameter 
5.85 inches (14.9 cm). 


Temperatures maintained for one hour in vacuum. 
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was ix)lled at 2400°F (1316°C) to 1.3-iuch (5.3 cm)-dia:ncter rod by 
Climax Molybdenum Company, Coldwater, Michigan. The rod was subsequently 
machined to 1-inch (2.5-cm) diameter. The chemical analyses of the ingot 
and stress- relieved rod, as supplied by Climax, are shown in Table E-III. 

The mechanical properties, also supplied by Climax, are presented in 
Table E-IV. 

GE-mCP 

Four six-inch (15. 2-cm)-diameter, Mo-TZC alloy ingots were single vacuum- 
arc-melted by the Lamp Metals and Components Department of General Electric 
Company. The ingots were machined to a nominal 5 1/16-inch (12.9-cm) 
diameter and extiaided at the GE-R&D Center, Schenectady, New York, The 
extrusion parameters that were employed are shown in Table E-V. 

Ultrasonic inspection of all of the extrusions revealed no internal 
defects. One ingot (Neat No. 4454) stuck during extrusion but it was 
possible to remachine the surface and successfully reextrude to bar. 

Two extrusions (4451 and 4453) were cross rolled to 1 3/8-inch (3.5-cm)- 
thick plate for subsequent machining into nozzles for the turlxine simulator. 
Attempts made to roll the first extnision (4451) at a temperature of 2390°F 
(1300°C) resulted in severe cracking. The rolling cycle was modified for 
the second extrusion (4453) to provide for a 20 percent reduction to be made 
at 2912°F (1600°C) and a 20 percent reduction „o be made at 2390 F (1300 C) . 

The material was rolleo to this schedule without difficulty. 

The third extrusion (4454) was successfully cross rolled ro 3/4-inch 
(1,91-cm)- thick plate with approximately 40 percent reduction being made at 
a temperature of 2912°F (1600°C ) and approximately 40 percent reduction 
being made at a temperature of 2390°F (1300 C). This material is to be 
utilized for the machining of turbine blades. The chemical analyses of the 
rolled plate, as supplied by GE-lMCD, are shown in Table E-VI, and the 
mechanical properties are presented in Table E-VII. 

DETERMINATION OF FINAL ANNEALING TEIEATMENT 

Because of the marginal room temperature ductility of the heavy section 
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MECHANICAL PROPERTIES'^^ OF Mo-TZC ALLOY (HEAT NO. TZC-441) 
PRODUCED BY CLIMAX MOLYBDENUM CCWPANY 



a I 

I 

I 

O-' I 
o u 

iD U\ 
•H O 
CO H 

rH 

>-00 

\ 

O 

O 

o 

o ^ 
rr 

03 CO 

4-» ^ 

nS O 


Q) 


O 

rH 


0> 

■P 

e cd ^ 
5 PS n; 

2 o 

*H Pf Pd 
C OJ \ 
•H O l5^ 

o 


0) 


(& <.0 
X X 


X o 
<N CO 


03 CO 
LO 

o o 


O- C) 


CO cv 
c: Cvi 


CO CO 

o o 


o ii o 
•H x: 
u ‘j 'n 

c o 

P, r~; 
Cf: O 

u a 

P D I 


03 1 

LO 

CN 

CM 

cy. 

I *H 

j t 

3 i 



i i 

0 

LO 

d 

CO 

3— ( 



CO 

CO 


o 

1 1 . 





rH 

! ‘ ;-■ - 


a 

a 


cu 

p 

o 

Cm 


'■X 

J 


N( 


c 

OJ 


•-« 

0 I 

w 


CU Q) 
^ H 
S' P 
P ^4 

S.2 

I 

H 0> 


§s 


jd *.-< 
p w. 
fcfl D, 
C ' 

0) o 
u o 
p o 

W p 


(y .p .H 
P P 03 
oj tifi a, 

S o 
p S o 

rH P O 
» CO rH 


p a 
0) 0 
s -H 

•H p 
O BJ 

<y c; 
a Q 

CO ^ 


lO oi 
P CO 


O p 


CD 03 
O O 


^ O 
CO CO 


I 

•o 

>H 

B 


I 

’<5< U 
m rt 
. JD 

03 

£ P 
O 0) 

c n 


lO Q 
P 03 


ID 

CT) a> 


rf CD 
O Q 


I P 
P T3 


;h 

rt 

X3 

03 
« 3 
U P 
0) T3 
P CJ 
d) M 

§ T3 
P P 

•a a 


0) o 
^ o 

I g* 


03 0) 
C jd 
Q> P 
6 

p P 

o o 
0> 

a w 

03 03 


3 03 


I 

03 -P 
03 O 
030 

CD 
P P 
03 CO 

P 

•o ^ 
c 

Cj CS4 
0 

C3 O 
P O 
•H ^ 

03 <N 

c 

o P 
H :tJ 


lO bfi 
(N C 

• P 

O P 
03 

CS 03 
P 
T3 

rj O 

,3 P 


P . 

03 03 
3 U 
3 

-3 P 
0 O 
C CO 
P }h 

g 

<D O 
P P 
03 

T3 • 

a 

tt 


^ Xi 

o 

03 c 
03 P 
p 

P .3 

^ o 
c 

p 

o 
a to 

o 

0) • 
p o 

p 

03 3 

C 0) 
0) s: 

H p 


£ 


cO 

x: 


o 


03 

xd 


03 

c 

03 

B 

p 

o 

0) 

a 

03 

2 

3 

P 

a 

2 

03 

03 

03 

U 



'w' 


339 


TABLE E-V 


EXTRUSION PARAMETERS FOR Mo-TZC ALLOY INGOTS 


(a) 


Machined Ingot Size 
Leader Block 
Follow-up Block 
Container Size 
Die Size/Design 

Die Coating 

Lubricant - Proprietary 


5.06-inch (12.9-cm) diameter 
None 

Graphite 

5.187-inch (13.1-cm) ID 

2.1-inch (5.35-cm) x 4.1-inch (10.4-cm)/ 
conical 

ZrO^ 

Ugine ' -Sejournet processed not used 


Extrusion Ratio 

o_ 

Furnace Temperature, F 

Soak Time, Hours/Minutes 
in Hydrogen 

Handling Time, Seconds 


Heat No. 


4451 

4454 

4453 

2.29/1 

2.24/1 

— 

3110 

1710 

3110 

1710 

3092 

1700 

3:25 

3:58 

3:54 

22.7 

24.3 

22.1 


Extruded at General Electric Research and Development Center, 
Schenectady, New York. 
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TABLE E-Vl 

CHEMICAL ANALYSES® OF Mo-TZC ALLOY PRODUCED BY GENERAL ELECTRIC-UtCD 
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Samples obtained from reeled 3/4 inch (l.Sl-cm)-thick plate, 
'indicates location of chemistry sample with respect to extrus 


MECHANICAL PROPERTIES OF Mo-TZC ALLOY PRODUCED BV GENERAL ELECITUC-IAICD 
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sizes of the Mo-TZC alloy products, a heat-treat study was performed 
on the MO-12C alloy rod to define an annealing treatment which will improve 
the room- temperature ductility without appreciable recrystallization or 
reduction in the yield strength. 

■nie Mo-rac alloy mill products manufactured by the two vendors (General 
Electric-U*CD and Climax Molybdenum Company) were processed using different 
working schedules. Therefore, a single optimum heat treatment for all the 
Mo-'rac alloy mill products could not be selected. Results of this study 
resulted in the following courses of action: 

a. The 0.75-inch (1.91-cm)- thick plate (GE-UJCD) and the 2.0- inch 
(5.1-cm)-diameter rod (Climax) were heat treated for 50 hours 

at 2600°F (1427°C). 

b. The 1.375-xnch (3.5-cm)-thick plate (GE-UiCD) was not used in 

the Corrosion Loop Program because of its uonuniform microstructure. 

c. The 1-inch (2.5-cm)-diameter rod (Climax) was utilized in the 
as-received condition (1 hour at 2400 F (1316 C). 

The heat- treatment study was conducted with approximately 0.25- inch 
(0.64-cm)- thick slices cut from the ends of each of the Mo-TZC alloy mill shapes 
The slices from the plate material were cut into cubes, and the slices from 
the rods were cut into pie-shaped specimens. After chemical cleaning^ the ^ 
specimens were heat treated for one hour at 2600°, 2700°, 2800°, 3000^, 3200 . 
3400°, and 3750°F (1427°, 1482°, 1538°, 1649°, 1760°, 1871°, and 2066 C) in 
a vacuum of less than 1 x 10‘® torr and subsequently quenched in helium. 

The microstructures and micjrohardnesses of the 0.75-inch 
Mo-TZC alloy before and after the one-hour heat treatment are shown in 
Figure E-1. Significant recrystallization was observed in the specimen 
heat treated for one hour at 2600°F (1427°C) as well as a low hardness. The 
data obtained for this particular heat treatment are conslde^^ed anomalous 
with respect to the data obtained after performing other heat treatments on 
this material. The one-hour heat ti-eatment at 2800°F (1538°C) is considered 
to be the condition in which significant recrystallization will occur in 
the 0.75-inch (1.9- cm)- thick plate. Also, the microhardness data indicate 
a rapid decrease in hardness after a one-hour heat treatment at a temperature 
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of 2700^"? (1482°C). From the metal lographic and mici-ohardness data, a 
temperature of 2700°F (1482°C) or less was suggested for a one-hour heat 
treatment of the 0.75-inch ( 1 . 9 -cm)-thick plate. 

The effects of longer tline heat treatments on microstructure and 
hardness of the 0.75-inch ( 1 . 9 -cm)- thick plr te were evaluated by heat 
treating samples for 50 hours at 2600°F a.id 2700°F (1427°C and 1482 C). 

-me microstructures, Figure E-1, indicate only a slight amount of recrystalli- 
zation in the specimen heat-treated at 2600°F (r427°C) for 50 hours and a 
significant amount of recrystallization In the specimen heat treated at 
2700°F (1482°C) for 50 hours. The microhardness data. Figure E 1, are 
in agreement with the miciostructures in that the hardness of the specimen 
heat treated at 2700°F (1482°C) was considerably reduced. These results 
indicate that a 50-hour heat treatment at 2600°F <1427°C) also may be 
beneficial in achieving greater tensile ductility at the lower temperatures. 

A longer-time leat treatment has the advantage of allowing more time for 
carbon precipitation. 

The microstructures and microhardness of the 1.375-inch (3.49-cm>-thick 
m-TZe alloy plate before and after the one-hour heat- treatments are shown 
in Figure E-2. Significant recrystallization was observed after heat treating 
for one hour at 3200°F (1760°C). 'mis high recrystallization temperature 
is attributed to the relatively small amount of cold-work that this material 
received during processing, as shown in the as-received microstructure 
wnich is noticeably less unifomn than the microstructure of the other 
materials. In general, the microstructure dr. .a for the one-hour heat treatments 
below 3200°F (1760°C) indicate that recovery is the major process taking place 
with very small localized areas, which received a greater amount of effective 
cold -work, starting to recrystallize. Since the slope of the hardness curve 
is fairly uniform up to 320 o”f (1760°C) and micros tructural changes are 
slight, it would be desirable to maintain the temperature of a one-hour heat 
treatment for the 1.375-inch ( 3 , 49 -cm)-thick Mo-T2C alloy as low as possible 
to reduce degradation of strength and high enough to precipitate carbon 
from solution in a reasonable time period, me effects of longer-time heat 
treatments on the 1.375-inch (3. 49- cm)- thick plate were also evaluated by heat 
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treating samples for 50 hours at 260o'^F and 2700°f (1427°C and 1482°C). 

The microstructures of these specimens are shown in Figure E-2 and 
indicate that recovery is predominant with some recrystallization^in small 
lo alized areas in the specimen heat treated for 50 hours at 2600 F (1427 C) 
and a significant amount of recrystallization in the specimen heat treated 
at 2700°F (1482°C) for 50 hours. A decrease in hardness was observed in 
both specimens, Figure E-2, with the hardness values being slightly less 
than the one-hour heat treatments at 2600°F (1427°C) and 2700 F (1482 C) . 

T-uOse data indicate that a 50-hour heat treatment at 2600°F (1427 C) would 
be the preferred heat treatment to improve the low- temperature tensile 
ductility of the 1.375-inch (3. 49-cm)-thick plate with a minimal reduction 

in yield strength. 

The room- temperature tensile ductility of the 1.0-inch (2.5-cm)-dxameter, 
Mo-TZC alloy rod produced by Climax Molybdenum is satisfactory for use in 
the as- received condition (2400°F [l316°c]/l hour). However, heat- treatment 
studies were conducted with this material to detennine its recrystallization 
characteristics. The microstructures and microhardness after the one-hour 
heat treatments are shown in Figure E-3. Significant recrystallization was 
observed in the specimen which v;as heat treated at 3000°F (1649 C) for one 
hour. The micx^hardness data shown a rapid decrease in hardness after one 
hour at 2800°F (1538°C). The effects of longer-time heat treatments (50 
hours at 2600° and 2700°F. 1427° and 1482°C) on the 1.0-inch (2. 5-cm)-diameter 

material are shown in Figure E-3. Metal log raphic examination revealed the 
initiation of recrystaliization in both heat treatments but to an insignifi- 
cant amount. A slight decrease in microhardness also was observed. 

Specimens from the 2.0-inch (5. l-an)-diameter Mo-TZC alloy rod ^ 
produced by Climax Molybdenum were heat treated for one hour at 2800 F 
(1538°C) and 3000°F (1649°C). Significant recrystallization was observed 
after heat treating for one hour at 3000°F (1649°C) and a slight decrease 
in microhardness was noted after the one-hour heat treatment at 2800 F 
(1538°C). These results indicate that a one-hour heat tieatment to 
precipitate carbon from solution should be carried out at a temperature 
of 2800°F (1538°C) or less. Additional specimens from the 2.0-inch 
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5 l-cm)-dla«et.r rod »o.^ boat treatod for 50 hours at 2000 F <'427 C) 
„d'2700°r U482°C)^ Significant racryst.Ultation ™s observed In the 
specimen heat treated at StOO^F (1482‘’c) and Is reflected In the lo» 
mlctohardness of the specimen. Ibe specimen heat treated at 2600 F (1427 C) 
for 50 hours exhibited a very small amount of recrystalllzatlon and a slight 
decrease In hardness. These data indicate that a 50-hour exposure at 
2600°F (1427°C) could be used for the final heat treatment of the 2.0-incb 

( 5 . 0 -cm) diameter material. 

AS a result of these studies, 50 hours at 2600»F (1427“c) »as selected 
as a premising heat trea»ent for the comparison of tensile 
with the material in the as-received condition of one hour at 
Buttonhead tensile specimens, Figure B-4.™re machined from »o-T2C rod and 
bar such that the longitudinal axes of the specimens ™re parallel to the 
rolling direction. The finished tensile specimens ™re chemically cleaned 
and carefully inspected for surface defect, .sing fluorescent penetrant 
techniques. The tensile specimen, nere vacuum heat treated at pressures 
less than 1 x lo'^ torr after the machining, cleaniug, and J 

tions. The tensile tests were conducted in air at room temperature 
(204»C) and «re performed in accordance with AS® Designation E8-57T, 
•llethods of Tension Testing of Metallic Materials." A strain rate o 0 065 
i„ch/i„ch/minute up to 0.6 percent offset and then 0.050 inch/inch/mlnute 
to fracture was used; the yield strength was determined by the 0.02 percen 
and 0.2 percent offset methods. The results of these tests along with the 
data reported by the vendors are shown In Table K-VIII . 

in general, an Increase In miom- temperature ductility and a decrease 

in room- temperature yield strength «,re observed In the specimens tested 

nr. 2ol)0 r 


in rwiu- wi*~*‘*- 

fro. all four mill shapes which were heat treated for 50 hours at 600 F 
(1427°C). It was concluded that the improved ductility was more significant 
to the utilization of these materials in the T-111 Corrosion loop than the 
observed decrease in strength except for the 1.0-lnch ( 2 . 5 -cm)-dlameter rod 
material. The 1.0-inch ( 2 . 5 -c..)-dlameter M0-T2C alloy rod exhibited very 
good ductility in the as-received condition (heat treated for one hour 
at 2400°F [1316 °cD, and the slight increase observed after heat tre. ng 
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for 50 hours at 2600°F (1427°C) was considered insignificant. Therefore, 
no additional heat treatment was selected for the 1.0-inch ( 2 . 5 - cm)-diameter 
rod, and it was used in the T-111 Corrosion Loop in the as-received condition. 

The room- temperature ductility achieved in tne 0.75-inch ( 1 . 91 -cm)-thick 
plate after heat-treating for 50 hours at 2600°F (1427°C) was considered 
acceptable; therefore, this heat treatment was utilized for the 0.75-inch 
( 1 . 91 -cm)-thick, Mo-TZC alloy plate. 

Since the machining of the 1.375-inch ( 3 . 49 -cm)-thick plate and 2.0-inch 
( 5 . 0 -cm)-diameter rod was to be done by electric-discharge-machining techniques, 
which can be done readily at temperatures on the order of 150 F (66 C) , the 
ductility achieved in both the 1.375-inch (3 . 49-cm)- thick plate and the 2.0-inch 
( 5 . 0 -cm)-diameter rod at 15 o‘'f (66°C) after heat treating 50 hours at 2600 F 
(1427°C) was considered acceptable. However, even though good ductility was 
achieved in the 1.375-inch ( 3 . 49 -cm)-thick plate, it was decided that the non- 
unifoim microstructure observed in the metallographic studies made it un- 
desirable to use this material in the T-lli corrosion Ixiop. 

The 0 . 75 -inch ( 1 . 91 -cm)-thick, Mo-TZC alloy plate and the 2.0-inch 

( 5 . 0 -cm)-diameter, Mo-TZC alloy rod were chemically cleaned, wrapped xn fresh, 

Cb-lZr alloy foil, and subsequently heat treated at 2600®F (1427 C) for 50 

-5 

hours in a vacuum of < 1 x 10 


torr. 



APPENWIX F 

PROCESSING OF Cb-132M ALLOY 


The mill products of Cb~132M alloy (Cb— 20Ta— 15W-5Mo— 2Zr-0. 13C) 

required for the program requirements were produced by Universal Cyclops 

Steel Corporation. A 5 3/8-inch (13, 7-cm)-diameter x 10.09-inch (25.63-cm)- 

long Cb-132M alloy ingot was triple vacuvim arc melted from a double EB-melted 

ingot by Wah CViang Albany and jacketed in a 5 7/8-inch (1.49-cm)-OD, pressed 

and sintered molybdenum can. The canned ingot was successfully extruded 

at duPont through a 3 3/4-inch (9.53-cm)-ID die at a temperature of 

3120°F (1716°C). The extrusion parameters employed are presented in 

TableF-I. The extruded bar was conditioned to 3.375-inch (8.57-cm) diameter 

and sectioned into two lengths. One billet length was stress relieved 

at 2300^F (1216^0 for one hour in vacuum, machined, recanned in molybdenum, 

and extruded at 2400^F (1316°C) to approximately 2. 25- inch (5.7-cm) diameter. 

o 

The second billet length was given a recrystallization anneal at 3200 F 
(1760*^C) for one hour in vacuum, machined, recanned in molybdenum, and 
extruded at 2900°F (1593^0 to approximately 2.25-inch (5.7-cm) diameter. 

The extrusion parameters for both billets are presented in Table F-II. The 
latter two extrusions were performed by Nuclear Metals, West Concord, Massa- 
chusetts, The extrusion from the second billet was then stress relieved 
at 2300°F (1260^0 for one hour in vacuum, machined, recanned in molybdenum, 
and reextruded by Nuclear Metals at 2400°F (1316°C) through a 1.75-inch 
(4.45-cm)-diameter die. The extrusion parameters are pi-esented in Table F-III. 

The 2.25-inch (5. 7-cm)-diameter Cb-132M alloy extrusion from billet 
No. 1 was machined into 2.0-inch (5 . 08-cm)-diameter rod. The 1.72-inch 

37 -cm)-diameter extrusion from billet No. 2 was decanned, inspected, and 
machined into 1.0-inch (2. 54-cm)-diameter rod. 

The chemical analyses of the ingot and stress- relieved rod, as supplied 
by Universal Cyclops, are shown in Table F-IV. The mechanical properties, 
also supplied by Universal Cyclops, re presented in Table F-V. 

PRECEDING PAGE BLANK NOT nui® 
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TABLE F-I 


EXTRUSION PARAMETERS FOR TOE 5.36-INCH (13 62 -cm) -DIAMETER MACHINED 

Cb-132M ALLOY INGOT 


Machined Ingot Size 

Ingot Nose Geometry 
Can Size 
Leader Block 
Follow-up Block 

Container Size 
Die Size/Design 
Die Coating 
Extrusion Ratio 
Lubricant 

(b) 

Ingot Temperature 
Extrusion Pressure 
Extrusion Press Size 
Cooling Procedure 


5.36-inch (13.62-cm) diameter x 10.16- 
inch (25.8-cm) long 

135° included angle 

5.95-inch ( 15 . l-cm)-diameter molybdenum 

Steel block heated to 2000 F (1093 C) • 

2.0-inch (5. l-cm)-thick carbon discs heated 
to 2000°F (1093°C) followed by one carbon 
disc at room temperature 

6-inch (15.2-cm) ID 

3.75-inch (9.5-cm) ID/conical 

ZrO^ 

2.56/1 

Proprietary Glass 
3120°F (1716°C) 

2 

76,000 psi (530 MN/m ) 

2.750 tons 
Air 


^^^Extruded at duPont. 

^^^Heated by induction in argon. 
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TABLE F-II 


EXTRUSION PARAMETERS FOR THE 3.75-INCH (9. 5 -cm)- DIAMETER 
EXTRUDED Cb-132M ALLOY BILLETS^^^ 


- Billet No, 1^*^^ - 3.75-incb (9.5-an) 
diameter x 12-inch (^0.5-cm) long 

^ c ) 

Billet No. 2 - 3.75-inch (9.5-cm) 

diameter x 10-irich (25.4-cm) long 

- 3.95-inch (9 . 5-cm)-diame ter molybdenum 
Mild steel heated to 1500 F (816 C) 
4.05-inch (10.3-cm) ID 

- 2.625-inch (6.67-cm) ID/ conical 

- ZrO 


Machined Billets Sizes 

Can Size 
Leader Block 
Container Size 
Die Size/Design 
Die Coating 
Extrusion Ratio 
Lubricant 

(d) 

Billet Temperature 

Extrusion Pressure 

Extrusion Press Size 
Cooling Procedure 


2 

- 2.4/1 

“ Glass 

Billet No. 1 - 

Billet No. 2 - 

- Billet No. 1 - 

Billet No. 2 - 

1400 tons 

- Air 


2400°F (1316°C) 
2900^F (1593*^0 

750-690 tons runout 
510-370 tons runout 


Extruded at Nuclear Metals, West Concord, Mass. 

Billet No. 1 was used to make the 2-incli (5 . l-cm)-diameter bar. 
Billet No. 2 was used to make the l-'inch (2 . 51- ^ bar. 
Heated by induction in argon. 
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TABLE F-III 


EXTRUSION PARAMETERS FOR THE 2,0-INCH (5 . l-cm)-DIAMETER 
EXTRUDED Cb-132M ALLOY BILLET^^^ 


Machined Billet Size 

Can Size 
Leader Block 
Follow-up Block 
Container Size 
Die Size/Design 
Die Coating 
Extrusion Ratio 
Lubricant 

(b) 

Billet Temperature 
Extrusion Pressure 
Extrusion Press Size 
Cooling Procedure 


Billet No. 2 - 2.0- inch (5.1-cm) 
diameter x 12‘*inch (30.5-cm) long 

3.95-inch (9. 5-cm)*“diameter molybdenum 

None 

Mild steel heated to 900^F (482^0 
4.05-inch (10.3-cm) ID 
1.75-inch (4.4-cm) ID/conical 
ZrO^ 

3.0/1 

Glass 

2400°F (IBie^C) 

700 tons 
1400 tons 
Air 


(a) 

(b) 


Extruded at Nuclear Metals, 
Induction-heated in argon. 


'Vest Concord, Mass. 
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CHEMICAL ANALYSES OF Cb-i32M ALLOY (HEAT NO. 66-95119) 
PRODUCED BY UNIVERSAL CYCLOPS STEEL CORPORATION 



MECHANICAL PROPERTIES'**^ OF Cb-132M ALLOY (HEAT NO. 66-95119) 
PRODUCED BY UNIVERSAL CYCLOPS STEEL CORPORATION 
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Total hours, threads failed on specimen after 11.6hours and test was restarted after modifying specimen 
to buttonhead design . 








Because of the mar'^inal room tempei-ature ductility of the 2-inch 
( 5 . 08-cm)-diajneter Cb-132M alloy rod, a heat-treatment study was conducted 
to establish final annealing conditions that would result in an optimum 
combination of low- temperature ductility and elevated- temperature strength. 

A beat treatment of one hour at 2600^F (1427^C) »vas selected for 
the 2-inch (5. 08-cm) -diameter Cb-i32M alloy rod. This study showed that 
this heat treatment results in improved room- temperature ductility without 
appreciable recrystallization or reduction in the yield strength of the 
Cb-132M alloy. 

The Cb-132M alloy as supplied by Universal Cyclops had been heat treated 

for one hour at 2400^F (1316^^0 and had a room- temperature ductility somewhat 

less than desirable for machining and utilization in the Corrosion Loop, 

It was anticipated that a slightly higher- temperature heat treatment would 

result in increased carbide precipitation and reduce the amount of carbon 

in solid solution, which would improve the room- temperature ductility without 

an appreciable loss in yield strength. Approximately 0.25-inch ( 0 . 64 -cm)- thick 

slices were cut from the end of the Cb-132M alloy rod and subsequently 

sectioned into pie- shaped specimens. After chemical cleaning, the specimens 

were heat-treated for one hour at 2500^, 2600^, 2700^, 2800^, and 2900^F 

(1371^, 1427^, 1482^, 1538^, and 1593^C) at a pressure of less than 1 x 10 ^ 

-3 2 

torr (1.3 X 10 N/m ) and then quenched in helium. 

The microstructures and microhardnesses of the Cb-132P4 alloy before and 
after the one-hour heat- treatments are shown in Figure F-1. The first signs 
of slight recrystal liz "ion in the severely worked regions of the bar were 
observed in the specimen heat treated for one hour at 2700^F (1482^C). 
Significant agglomeration of the carbide precipitate was observed after a 
heat treatment of one hour at 2900°F (1593^0), Figures F-2 through F-4. 

The microhardness data indicate a rapid decrease in hardness after a one- 
hour heat treatment at 2700°F (1482°C), From the microhardness and ihetallo- 
graphic data, a temperature of less than 2700^F (1482°C) was suggested for 
a one-hour heat treatment. 

The effects of longer-time, lower- temperature heat treatments were 




361 



c 

O 

U 


W 

c: 

a; 

B 

•pH 

O 

Q) 

a 

CO 


oJ 

■H • 

T3 -a 
:3 0 
^ cr: 

■p^ 

bJD 

c 0 

O rH 

^ rH 

< 

O S 

CV] 
0) CO 

rH 

p I 

•P OJ 
W V 

O o 
^ E 
o OJ 
•H *H 

S Q 

I 

TJ /-N 

s ^ 

cj a 

I 

CO pH 
CO . 
O lO 
C 
T3 


-C C 

£ ^ 

^ I 

o o 


(N 


Ph 

0; 

u 

D 

bJD 

•rH 

Ph 


Etchant : 20mlHNO -20mlHF-60mlGly 






a) Annealed 1 Hour at 2600 F (1427 C) 



b) Annealed 1 Hour at 2700°F (1482 C) 


Figure F-3. Longitudinal Microstructure «£ 2.0-Inch (5.1-cm)- 
Diameter Cb-132M Alloy Rod. 

Etchant: 60 mlGlycerine- 20 mlHNO^- 20 mliIF 

Mag.: 2000 X a) C410413, b) C410512 
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Figure F-4. lA)ngiluciii\al MAciwsM'i. . • “!. x.Oincli (5.1-cm)- 

Dx iun e U' r C 1 > - .1 A 1 1 o \* lari. 

ht chant: 1 Cj 1 y <’0 r i lu !’*'• !MNO l‘?UnlliF 

Mag. : 2onu\ 


l) CMlU(U:t, b) C41C7J2 


T 


evaluated by heat troatinjr a sainple for 50 hours at 2500 F (1371 C). 

The ^icrostructure, sho^va^ in Figures F-1 and F-5, indicates significant 
recrystallization and agglomeration of the carbide precipitate. These 
changes are reflected in the low microhardness given in Figure F-1. 

The final heat- treatment selection was detei-mined by evaluating the 
tensile behavior of specimens heat treated for one hour at 2500 F (1371 C) 
and one hour at 2600°F (1427‘'c). Buttonhead tensile specimens were machined 
from the 2-inch ( 5 . l-cm)-diameter Cb-132I.l rod such that the longitudinal 
axes of the rod and specimens were parallel. The finished tensile specimens 
were chemically cleaned and carefully inspected for surface defects using 
fluorescent-penetrant techniques. Three tensile specimens were vacuum 
treated at pressures less than 1 x lo"^ torr (1.3 x 10 N/m ) for one hour 
at 2500°F (1371°C), three for one hour at 260 o"f (1427°C). and the^remaining 
specimens were left in the as-received condition (one hour at 2400^F (1316 C). 

The tensile tests were cond.icted in air at room temperature to 225 F (107 C) 
and were performed in accordance with ASTM Designation E8-57T. "Methods of 
Tension Testing of Metallic Materials." A strain rate of 0.005 inch/inch/ 
minute up to 0.6 percent offset and then 0.050 inch/inch/minute to fracture 
was used; the yield strength was determined by the 0.02 percent and 0.2 
percent offset methods. The results of these tests are shown in Table F-VI 
along with the tensile data supplied by Universal Cyclops Steel Corporation. 

Reasonable ductility was observed in the as- received Cb-132M alloy 
material which was annealed one hour at 240 o‘’f (1316°C) and tensile tested 
at a temperature of 225°F (lOT^'c). Both themial heat treatments, one hour 
at 2500°F (1371°C) and one hour at 260o‘^F (1427^'c), resulted in good room- 
temperature ductility, and the specimens which were heat treated at 2600 F 
(1427°C) exhibited slightly higher ductility than those heat treated at 
2500 ^'f (1371°C). In all cases, no significant reductions in yield strengi. 
were observed. From those re.sults and tl>e earlier microstructure and micro- 
hardness results, a themal heal treat-wnt of «.ne hour at 2600 F (1427 C) 
was selected for the 2-inch ( 5 . 0 H-cm)-dian,e ter Cb-132M alloy rod. Subsequently. 
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Figure F-5. Longitudinal Microstructure of 2.0-Inch (5.1 cm) 
Diameter Cb-1.32M Alloy Hod Annealed 50 Hours at 
2500 F ( 137 l”c). 

Etchant : 60mlGlycerinc-2{hilHNO^-20mlHF 


Mag.: 2000.x 


(C470112) 


TENSILE PROPERTIES OF 2-INCH (5 . 1-cm)- DIAMETER Cb-132M ALLOY KGD 
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Failed at radius - minimum reduction area at center. 


r 


T 




the 2-iiicii 
alloy foil 


(5.015- call) diaiiie ter Cb-132M iilloy rod was wrapped in new Cb-lZr 
and vacuum anr.aaied ior one hour at 2600^^? (1427 C). 


The 1-inch ( 2.54 cm)-diameter rod 
ductility in the as-received condition 


had satisfactory room- temperature 
(2400°F [l316°cl/l hour). 
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APP]vN!..'..N h 


T-lil BELLO'.Vh iABlU CATION 


As inciicated in Section IV. i aorj ... 1 1 on , ol this report, T-111 bellows 
wer“ fabricated for use in the constj e : li on the metering and isolation 
valves for the T-111 Corrosion Test L.k.jj. The T-lil bellows were of good 
quality, however, the decision was nude lo t.ike the more conservative and 
demonstrated approach of using Cb-lZr .el lows from the same lot used in the 
valves of the successftil 5000-liour Cb-lZr Corrosion Lot' Tost. The highei- 
strength T-111 alloy bellows were not required because of the low operating 
temperature and low stress levels in the convolution walls. Even through the 
T-111 bellows were not u.sed , a biic l description of the fabrication of these 
bellows is included below since these ve.v the first bellows made fr<im this 
high-strength alloy. The infoniiaiion gained during the fabrication of these 
0.52-inch (1.3-cm)-0D bellows was I\ useful in the subsequent fabrica- 

tion of 0.85-inch (2.2-cm)-OD T-111 bei inv.s tor the larger refractory metal 

( 31 ) 

valves which were evaluated In another M-eenl loop lest. 

Tlie T-111 bellows for the T- 1 11 O.rrosion Test were formed from tube 
blanks of the following d imens.i ons , ().h7o-im;h (0.95-cm) OD x 0.008- inch 
(0.02-cm) wall thickness x b.Tb-iMch (17.1-Ci;i) leni;lh. L. cause of the thin 
walls of the bel lows ’ bl anl; s , the i n t o i s i i t i a 1 t.'lement concentrations in this 
material wci'e substantially hUvlici’ man fne tubing and pipe used in the con- 
struction of tlie T-lil L(h>p proper. lo.! lov ing the final recry stai 1 i zation 
heat treatment of 1 }n>ur at 27 ()(;"f (L ihd’V; lie average analysis of the T-111 
blanks was as follows: 203 ppjii o:\^,-pj.. 'OT carbon, 36 ppm nitrogen, and 

3 ppm hydrogen. The rclalivoU liiali .......a f omen I ration and the attendant 

risk of attack bv litlaum was anoiher rrason tor selecting Cl)-lZr bellows 
for use in the fabrication ol' t iio i M. si‘)n Loop valves. 

The T-111 bellows va rc h\dr;uil iv ! 'y loi-iiii d with an internal prc.ssuic of 


approximately 2di)0 jisi ( UL 


/' ) ' \ :,:iiMllex O'rporation, Van Nuys, 


Harrison. R. W. and Ho v.ol. . ).. laituiory 

Service in Alkali Metal i 5 ysj_eiia>. N.vb.-l CR-lHin, 1970. 






♦ « .,f the formatinn of the convolutions are 

California. Various stages v,..,urr> in 

,, r 1 A close-up view of the bellows is shown in 

illustrated in Figure 0-1, P and the 

Fleur. 0-2, «hlch lllurtrates the uniioraity of 

r the surface The «etal legraphlc appearance and the 

SFOOth texture of h,, lows' convolutions are Illustrated 

Of the wall thickness of the bellows convoiut 

uniform . 4 .* -n w-ill thickness between the apex 

r The maximum variation in wa 

in Figure G-J. The maxi ^ 

H th^ side wall of the convolutions was less than u.u 
and the s to ASTM 7-8. Microhardness 

The grain size in the convolutions corresponded to ASTO 

nross section of the tube blanks and on the 
measurements were made on the obtained on 

, H hallows Diamond Pyramid Hardness values of 250 were 
formed bellows. Diam obtained on the 

the tube blanks and values ranging rom 
bellows ’ convolutions. 

Fh. axial dcflecUons of .» T-l.l h.Uu.3 and a “ 

fcactiou Of load war. d.f.»l...d and ar. P„son..d la Ta - 0- ^ 
pervahont so. -s ohs.rv.d 1„ th.s. roo. »P.rafur. loafs ho hollows 

1„ tho 0 . 10 -lnch ( 0 . 25 -cw) tr.vol nocossary for valvo opor 

IP su-ary. oxawiuuuou of iho T-iif 
Of excellent quality with the sole negative factoi being 
high oxygen and carbon concentrations of this material. 



[•'orma 










RATURE COMPRESSIVE PROPERTIES OF T-111 ALU>Y AJTO 
Cb-lZr ALLOY VALVE BELLOWS 










APPENDIX H 

CALIBRA TION OF THE PARTIAL PRESSURE GAS ANALYZER 

The method used for calibration of the mass spectrometer and subsequent 
calculatiors of partial pressures involves the use of both the ionization 
gauge and the mass spectrometer in a procedure such that the total pressure 
is determined by the ionization gauge reading, corrected for relative con- 
centrations of various gas species, with the relative concentrations obtained 
from the mass spectrum. The reason for this approach is that the mass 
spectrometer cannot be relied upon to give accurate absolute partial pressure 
values over a long time period. This is due mainly to instabilities in the 
electron multiplier. The ionization gauge, on the other hand, will give only 
approximate values of the total pressure unless relative partial pressures 
are known. Details of the calibration and data analysis procedures are given 
elsewhere. 

Calibration of the mass spectrometer was made before installation cl 

the loop in the chaiiiber. The tube was moiuited on the chamber, and the empty 

chamber was evacuated without the .spool piece. After chamber had been baked 

-9 

out and prior to calibration of the analyze., a base pressure of 3.9 x 10 torr 
- 7 2 

(5.2 X 1C N/fli ) was obtained. 

The analyzer was calibrated for hydrogen, helium, nitrogen, and argon 
by admitting the pure gas to the chamber tlu^ough the variable leak valve, 
which was .‘.own previously in Section VI. B. Wien the pressure had stabilized, 
a reading of the ionization gauge was made, and a mass spectrum was obtained. 
Tliis process was repeated at various pressures for each of tne four calibrating 
gases. From these data, the sensitivity of the mass spectrometer for each 
of the four gases was calculated. The mass spectrometer sensitivity, 
for any pure gas (x), is defined as 

^32) Lyon, T. F., Effects of Vaciuu. i Level on Solar Receiver M a terials , 

Final Report on Contract NAS 3“1182H, Octolier 10, 1970. 
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ms 


where I (x) is the positive ion current of the mass spectrometer for a 
ins 

particular peak (usually the parent peak) in the pure gas mass spectrum, 
i^^ is the electron emission current, and P(x) is the gas pressure. 

The mass spectrometer sensitivity relative to nitrogen is given in 
Table H-I for each gas normally found in the residual gas mass spectrum. Values 
for gases other than those for which direct calibration was made were obtained 
by extrapolation or interpolation. Also shown in Table H-I are the ionization 
gauge sensitivities relative to nitrogen. These values were obtained from 
various literature sources. . 
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TABLE U-1 

RELATIVE SENSITIVITY OF MASS SPECTROMETER AND IONIZATION GAUGE , 

j 


Parent 

Specie 

m/e 

Mass Spectrometer 
Sensitivity 
Relative to 

Ionization Gauge 
Sensitivity 
Relative to 

«2 

2 

1.61 

0.42 

Ke 

4 

0.13 

0.19 


16 

1.67 

1.07 


18 

1.29 

0.89 

CO or Ng 

28 

1.00 

1.00 

°2 

32 

0.72 

0.85 

Ar 

40 

0.97 

1.56 

CO 2 

44 

0,74 

1.37 
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where I (x) is the positive ion current of the mass spectrometer for a 
ms 

particular peak (usually the parent peak) in the pure gas mass spectrum^ i^^ 
is the electron emission current^ and P(x) is the gas pressure. 

The mass spectrometer sensitivity relative to nitrogen is given in Table 
H“I for each gas normally found in the residual gas mass spectrum. Values 
for gases other than those for which direct calibration was made were obtained 
by extrapolation or interpolation. Also shown in Table H-I are the ionization 
gauge sensitivities relative to nitrogen. These values were obtained from 
various literature sources. 
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APPENDIX I 

CALIBRATION OF W-3Re/W~25Re THERiMOCOUPLE WIRE 

Calibration of the thermocouple wire used on the T-111 Corrosion Loop 
was conducted in a high- vacuum environment wit>^ .;ample thermocouples made 
from the same spools of wire which were used to instrument the loop. This 
is the same wire used to instrument the Cb-lZr Corrosion Loop. A complete 
description of the apparatus used, procedures, and test results have been 
previously reported, 

The W-3Re (Material Control No. 465) was purchased from the Lamp Metals 
Components Department of the General Electric Company, Cleveland, Ohio. The 
V/-25Re wire (Material Control No. 453) was purchased from Hoskins Manufacturing 
Company, Detroit, Michigan. 

Calibration of the thermocouple wire was performed in the ultrahigh- 
vacuum thermocouple test facility shown in Figure I-l. Two Pt/Pt-lORh 
reference thermocouples were used for the calibration. Four sample thermo- 
couples of W-3Re vs W-25Re were calibrated against the platinum couples in 
the thermocouple bundle shown in Figure 1-2, Three of the hot junctions 
were formed by spot- welding the individual wires to the Cb-lZr tube in the 
same manner as was used in the loop instrumentation. The fourth thermocouple 
was formed by twisting the alloy wires together. Both types of junctions 
are evident in Figure 1-2. 

Calibration data were obtained during three temperature cycles. During 
these runs, the pressure in the calibration chamber varied between a low 
of 2 X 10~® torr (3 x 10~^ N/m^) at 40 o”f (204°C) and a high of 6 x 10 ® 

, torr (8 X 10“^ N/m^) at 2400°F (1320°C). 

In the reduction of the calibration data, a difference parameter is used 
in order to facilitate curve plotting and to permit use of an expanded 


Hoffman, E. E. and Holowach, J, ’'Cb-lZr Rankine System Corrosion Test 
Loop,” Potassium Corrosion Test Loop Development , NASA CR-1509, May 1968. 
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Used in Calil)ration of \V-3fU.* ^ W-2r)R(‘ 
(Orlg. Ci5503i:)21) 


b3 


scale. 


The difference parameter (in millivolts) is defined as 


difference parameter = 


T(^F) 

100 


EMF (mv) 


The curve shown in Figure 1-3 is an average of all data points taken 
during three temperature cycles over the range from 80° to 2400 F (27^ to 
1320°C) for two thermocouples with different hot junction configurations 
but from the same spools of alloy wire. All but 8 of 35 stable points 
fall within 4°F of this line. Maximum deviation of any stable point from 
the line (up to 2200°F, 1200°C) is 9°F (5°C). The actual values used to 
define the curve are listed in Table I-I. These are not actual test points 


but were picked off of the best line through the test data so that linear 
interpolation between any two poin+'; would cause a maximum error of 0.5 F 
(0.28°C). 

It. is of interest to compare the thermocouple output, as obtained in 
this calibration, with similar data from other sources. A table of IMF vs 
temperature for W-3Re/W-25Re thermocouples is available from Engelhard 
Industries, Inc.^^'^^ A comparison of the thermocouple EMF from the present 
calibration with the Engelhard data is given in Table l-II. It should be 
noted that the general variation of EMF with temperature is the same for 
both sets of data. The difference between the present calibration and the 
Engelhard data reaches a maximum positive value at about 600 F (320 C) 
with a difference of ".100 mv which is equivalent to a temperature difference 
of about 10°F (5.6°C). At about 900°F (480°C) the EMF's are the same, and 
at higher temperatures, the Engelhard data shows higher EMF than the present 
calibration. The difference reaches the largest negative value at about 


2000°F (1100°C) with a difference of -0.152 mv which is equivalent to a 
temperature difference of about 14.8 F (8.2 C). 


It should be emphasized that this comparison does not confirm the 
accuracy of the present calibration. It does serve to exemplify the agree- 
ment which might be expected between W-3Re/W-25Re thermocouples of different 
lots and subjected to different processing history. 


Electromotive Fovce vs T emperature for W-3Re/W-25Re n iermocouple g, 
Engelhard Industries, Inc. , Research and Development Division - Final 
Evaluation of November 1, 1965. 
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TABLE I- I 

CALIBRATION DATA FOR W-3Re/W-25Re THERMOCOUPLE WIRE 


Temperature 

^ 


Difference 

Parameter, 

Millivolts 


(a) 


Total Output in ^ 
Millivolts with 32 F (0 C) 
Reference Junction 


32 

0 

100 

37.8 

i60 

71 

200 

93 

25C 

121 

300 

149 

350 

177 

400 

204 

450 

232 

480 

249 

510 

266 

610 

321 

670 

354 

730 

388 

790 

421 

830 

443 

900 

482 

950 

510 

1000 

538 

1100 

593 

1200 

649 

1300 

704 

1450 

788 

1650 

899 

1750 

954 

1850 

1010 

1950 

1066 

2050 

1121 

2150 

1177 

2250 

1232 

2350 

1288 


0.320 

0.587 

0.790 

0.908 

1.028 

1.126 

1.196 

1.253 

1.298 

1.315 

1.324 

1.338 

1.339 
1.330 
1.313 
1.296 
1.251 
1.215 
1.173 
1.073 
0.961 
0.840 
0.662 
0.416 
0.300 
0.193 
0.092 
0.0 

-0.086 

-0.167 

-0.240 


0 

0.413 

0.810 

1.092 

1.472 

I. 874 
2.304 
2.747 
3.202 
3.485 
3,776 
4.762 
5.361 
5.970 
6.587 
7.004 
7.749 
8.285 
8.827 
9.927 

II. 039 
12.160 
1-3.838 
16.084 
17.200 
18.307 
19.408 
20.500 
21.586 
22.667 
23.740 



(a) 


Dif ference 


Parameter 


T 

100 


iiir 


I 

1 
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TABLE I- I I 


COMPARISON OF W-3Re/ 23Be TCERMOCOUPLE EMF WITH VALUES 
OBTAINED AT ENGELHARD INDUSTRIES, INC. 


Temperature 

IMF Output 

o 

F 


This Calibration 

32 

0 

0.0 

100 

37.8 

0.413 

200 

93 

1.092 

300 

149 

1.874 

400 

204 

2.747 

500 

260 

3.679 

600 

316 

4.663 

700 

371 

5.666 

800 

427 

6.691 

90n 

482 

7.749 

1000 

538 

8.827 

1100 

593 

9.927 

1200 

649 

11.039 

1300 

704 

12.160 

1400 

760 

13.279 

1500 

816 

14.399 

1600 

871 

15.522 

1700 

927 

16.642 

1800 

982 

17.753 

1900 

1038 

18.857 

2000 

1093 

19.954 

2100 

1149 

21.043 

2200 

1204 

22.126 

2 300 

1260 

23.203 


mv 

Engelhard Difference, mv 


0.0 

0.0 

0.386 

0.027 

1.058 

0.034 

1.824 

0.050 

2.6-'4 

0.073 

3.596 

0.083 

4.563 

0.100 

5.579 

0.087 

6.649 

0,042 

7.745 

0.004 

8.843 

-0.016 

9.957 

-0.030 

11.084 

-0.045 

12.220 

-0.060 

1 3 . -'6 2 

-0.083 

14.S04 

-0.105 

15.638 

-0.116 

16.769 

-0.127 

17.895 

-0.142 

19,005 

1 

o 

• 

I—* 

00 

20.106 

-0.152 

21.194 

-0.151 

22.273 

-0.147 

23.318 

-0.115 


^‘■‘^Based on International Practical Temperature Scale, 1948. 

^'’^Engclhard Industries, Inc., Research and Development Division 
Final evaluation of November 1, 1965. 
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appendix j 

FAILURE MODE AND EFFECT ANALYSIS 

The purpose of a failure «de analysis .as to achieve a reliable 
syste. deslen thioush a systematic, cCltatlve approach that provides 
a means of t.hlhg preventative action In advance of the actual construction 
or operation of the system. The analysis encompasses the materials, com- 
ponents, and support equipment of the system and attempts to define the 
possible modes of failure or malfunction *lch -.uld Jeopardize the test 
and the action tahen to Improve the .eliahllity of the system. Also given 
in this Appendla is a description of the principal loop components and of 

the test protection system. 

I ^ principal loop CCMPONENTS 

in the primary circuit, the lithium is discharged from the EM pump and 
flows through an electrical resistance heater to a tub^-in tube 
holler .here heat Is exchanged to the potassium of the secondary circuit. 

The lithium no. rate is measured by a permanent magiit flo«.eter as it leaves 
the boiler on its return to the Inlet of the EM pump. 

In the boiling and condensing secondary loop, the potassium is discharged 
fro. the EM pump through a permanent magnet flomaeter and into me preheater 
.here the te.,pcr=ture of the potassium Is Increased to Its saturation 
temperature, approximately 200 o‘'f (10P3"c). It then flo.s Into the tuhe-in- 
tuhe counterflo. boiler. The liquid potassium Is converted to vapor . 1 th 
100°F <56°C) superheat and passes through the first nozzle and impintes upon 
the test blade specimen, me superheater vapor passes through the cmssover 
section .drere it rejects heat by radiation to the chamber wall to leer its 
quality to 88 percent. Hie vapor then passes from stages 2 to 10 of the 
turbine simulator to the finned tube radiant condenser. The condenser fin 
is coated With Iron tl.ante to Increase its emittance to 0.86. In the con- 
denser the vapor is conver.ed bach to liquid and eniers the subcooier reservoir 

before flowing into the EM pump. 








4 






389 




follows : 




A description of tiie principal 


loop components 


Li thium Primar y Loop 

Li thium Pum p 

Type - Helical induction electromagnetic pump; 

Mfrr, - Medium A.C. Motor and Generator Dept., General ^Electric Company; 

Model “ 5KY414PB2; 

3 2 

Rating - 1.29 gpm (0.29 m /hr) at 100 psi (689 k N/m ) head at 
2200®F (1204°C); 

3 2 o 

5.0 gpm (1.13 m /hr) at 20 psi (138 k N/m ) head at 2200 F 

O204°C); 

Duct Material - T-111 ; 

Power Supply and Controls - 480- volt, 3-phase, 60-cycle po\ver system - 

motor-operated autotransformer with manual or automatic control. 

I^i thium Flowmeter 

Type - Permanent magnet; 

Mfg. - Space Power and Propulsion Section, General Electric (Company', 

Magnet - 3000-gauss, Alnico V, stabilized and calibrated to 900°F (482°C) 

Flow Tube - 0.375-inch (0.95-cm)-0D x 0.065-inch (0.16-cm) T-111 tube; 

Insulation - 10 layers of dimpled Cb-lZr foil, 0.002-inch (0.005-cm)- 
tiiick by 0.5-inch (1 . 2-cm)-\\'ide ; 

Temperature - 2200°F (1204°C) maximum; 

Accuracy - - 8 percent (calculated. 

Lithium Heater 

Type - Electrical resistance, two 4-inch (lO-cm)-diameter helical coils 
in series; 

Tube Material - 0.375-inch (0.95-cm)-OD x 0.065-inch (0. 16-cm)-wall 
T-111, total developed length of 101 inches (2.56 m) ; 

Temperature - 220C°F (1204°C) maximum; 

Power Supply - Combined temperature recorder and controller with a 

saturable reactor and stepdown current transformer, single- 
phase ac, 440-volt primary, 5- volt secondary; 

Rating - 20 kva, 4000-ampere secondary. 
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Surge Tank 

Size *“ 6 inches ( 15.2 cm) OD x 10 inches (25.4 cm) long; 

Material - Cb-lZr; 

3 

Tank Capacity - 234 in. (3840 cc) ; 

3 . 

Loop Capacity - 138 in. (2280 cc) ; 

In ert Gas System 

Gas “ ritrahigh-purity argon, 99.999 percent; 

Regulator - Stainless sieel, metal diaphragm; 

Valves - Stainless steel, bellow seal; 

Vapor Collector - Stainless steel cylinder 30-ml capacity; 

Bimetallic Joint ~ Brazed Cb-lZr to stainless steel, 

Connecting Tube - 0. 375-inch (0.95-cm) stainless steel TIG-welded 
construction . 

Potassium Secondary Loop 

Liquid Potass ium Pui..p 

Type - Helical induction electromagnetic pump; 

Mfg. “ Medium A.C. Motor and Generator Dept., General Electric Company; 
Model - 5KY414 PFI ; 

Rating - 0.116 gpm (439 cm^/min) at 200 psi (1380 kN/m ) head at 
1200°F (649°C); 

3 2 

0.290 gpm (1098 cm' /min) at 150 psi (1032 kN/m ) head at 
1200°F (649°C); 

Duct Material - T-311 tantalum alloy; 

Power Supply ~ 480- volt, 3-phase, 60-cyclc power system - motor-operated 
autotransformer with manual and automatic control. 

Flow Control Valve rnd Isolation Valve 

Type - 3/ 8-inch (0.05-cin) manual, bellows seal; 

Model - Cb-442 MOD 3 (as modified by General Electric Company); 

Mfg. - Hoke, Inc., Cresskill, New York; 

Rating - 215 psi (1480 kN/m ) at 1200 F (649 C) ; 

Orifice Diameter - 5, 32- inch (o.-l-ciii); 
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Material - All wetted parts are T-111 except the Cb-12.r valve bellows 

and the Mo-TZM alloy plug. All seals are of welded construction. 
All threaded parts of valve assembly are refractory metal vs 
refractory metal or refractory metal vs stainless steel. Valve 
stem guide consists of a 0.125-inch (0.32-cm) pitch ball bearing 
screw assembly with l/16-;.nch (0.16-cm) tungsten carbide balls. 

Potassium Flowmeter 
Type - Permanet magnet; 

Mfg. - Space Power and Propulsion Section, General Electric Company; 
Magnet - 3000-gauss Alnico V, stabilized and calibrated to 900 F (482 C) ; 
Flow Tube - 0.375-inch (0.95-cm)-0D x 0.065-inch (0.16-cm)-wall T-111; 
Insulation - 10 layers of Cb-lZr foil, 0.002-inch (O. 005-cm)- thick 
by 0.5-inch (1 . 3-cm)-wide ; 

Accuracy - ” 8 percent calculated. 

Pressure Transducer 
Type - Stressed diaphragm; 

Mfg. - Space Power and Propulsion Section, General Electric Company; 
Material - T-111; 

Recorder - Model 150, Sanborn Division, Hewlett Packard, Response 
10 millisecond full-scale; 

Rating - Pressure - 0-235 psi (0-1620 kN/m ), 

Temperature - 0 to 800 F (-18 to 427 C) , 

Response - 10 milliseconds, 

Accur-^'cy ~ - 1 percent full-scale; 

Power Supply - Consolidated Controls Corporation, Bethel, Connecticut. 

Pre ssure Transducer (5 required) 

Type - Slack diaphragm; 

Mfg. - Taylor Instrument Company, Rochester, New York; 

Material - T-111 diaphragm and housing, stainless steel NaK- filled 
capillary and bourdon tube; 


Saginaw Steering Gear Division, General Motor s.. 


Saginaw, Michigan. 
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Rating - Pressure 

Temperature 
Acc ix'acy 
Re spoil St? 


2 

- 0-235 psi (0-1(320 kN/m ), 

- 2000^F (1093^C), 

- - 1 percent at 77 F (25 C), 

- 1 second . 


Recorder - IIF, Genej Electric Company , response time 

se.onis full-scale. 


1.5 


Potassium Preheater 

Type - Electric resistance, two i-inch (lO.O-CM)-diameter helical coils 
in series; 

Tube Material - 0.375-inch (0. 95-cm)-OD 0.065-inc.h (0,16-cm) x 

74-inch (188-cin)- long wall, T-111 alloy; 

Electrode Material - Tantalum bur; 

Temperature -- 77 to 2000 F (25 to 1093 C) ; 

Power Supply - Fix>portional temperature-controlled and silicon-controlled 

rectifier stepless power unit with a stepdown current transformer, 
Rating - 5 kva, 1000 amperes. 

Pr e c is ion W a ttmete r 

Type 15 kilowatt wattmeter; 

Ranges - 0 - 1500 watts, 

0 - 4500 watts, 

0 - 15,000 watts; 

CXirrent - 3000 amperes rms maximum; 

Mfg. - Scientific CX)lumbus, Inc., (^lumbus, Ohio. 

Po ta ss ium Boiler and Superhe ater 

Type - Tu bo -in- t u be , co u n le r .f low wi t h o n t r an c c plug; 

Length - 250 inches (6.35 ni) long arianged in a 10-inch (25.4-cm) 
helical coil; 

0)nstructiun - Outer tube - 1.00-incb (2.5-crn) OD x 0.100-inch (0.25-on) wall. 

Inner tube - ('.375-incli ((-.U5-cm) OD x 0.065-inch (0.16-cni) wall, 

C) 

SiKicers - trifonii, sjiaced 60 apart, 

Plug - IS inch (15.7 cr.O- long, 1/16-inch (0. 16-cm)-diatiieter 
wire helically wmiiul (1-inch [2.54-011^ pitch) on 
a l/S-iuch (0.32- cm) rod; 
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Material - T-111; 

Rating - 40 Ib/hr (88 kg/hr) of potassium vapor at 2050° (1121°C) 
boiling teniperature plus 100°F (56°C) superheat. 

Turbine Simulator 

Type - Fixed nozzle and blade assembly; 

Material - Nozzle - molybdenum alloy TZC, 

Blades - molybdenum alloy TZC and columbium alloy Cb-132M, 


Housing - T-111; 

♦ 

Turbine Nozzle Stage Test Conditions 


Nozzle 

Design Throat 
Velocity 



Inlet 

Pressure 

, abs. 

Pressure 

Drop 

Number 

ft/seo m/sec 

Quality 

psi 

kN/m 

psi 

kN/m 

1 

1000 305 

100°F(56°C)S.H. 

175 

1222 

- 

- 

2 



86% 

144 

1005 

21 

145 

3 



to 

117 

816 

27 

186 

4 



88% 

95 

655 

22 

152 

5 





77 

530 

18 

124 

6 





62 

428 

15 

103 

7 





50 

345 

12 

82 

8 



1 


40 

276 

10 

69 

9 





32 

221 

8 

55 

10 

V ' 

s/ 

> 

s/ 

25 

172 

7 

48 


Inlet Temperature - 2150°F (1177 C) ; 

Exit Temperature - 1400°F (760^0: 

Flow Rate - 40 Ib/hr (88 kg/hr) ; 

Heat Rejection - Between stages 3 and 2 -4000 Btu/hr (1,2 kw) 

radiantly rejected from 14.5 inches (36.8 cm) of uninsulated 
1-inch (2,54-cm)-0D T-111 crossover tube. 

Between stages 2 to 10 - 1300 But/hr (0.28 kw) 
radiantly rejected from turbine simulator shell with one 
layer of Cb-lZr foil (^ = 0.2). 

Potassium Vapor Condenser and Subcooler 
Type - Finned, single- tube; 

Material - T-111; 

Property data used obtained from NRL Report 6128, August 1964. 
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Construction - Viho - 0. '123-inch (1 . 07-cm)-ID drilled bar, 

7in - two 1/4-inch (0. 64-cm)- thick x 4-inch (10.2-cin)-wide 
fins with Fe,^TiO^ coated surface (€ = 0.86); 

Length - 58 inches (14/ cm); 

Entrance Velocity - 350 ft/sec (106 iii/sec), 

Heat Rejection Control - Manually operated shutter assembly. 

Subcoolor Reservo ir 

Size - 2-inch ( 5 . 08 -cm)-OD v^lth 0.25-inch (0. 64-cni)-wall x 4-inch 
(10. 2-cm)-long ; 

Capacity - 6,2 in. (103 cc) ; 

Material - T-111. 

S urge Tank 

Size - 6-inch (15.2-cm)-CD x 10-inch (25 . 4-cm)-long ; 

Material - Cb-l/^r: 

3 

Tank Capacity - 23*1 in/ (3840 cc) ; 

Loop Capacity ~ 139 in. (2282 cc). 

Inert Gas System 

Gas - Ultrahigb-purity argon, 99.99 percent; 

Regulator - Stainless steel, inelal diaphragm; 

Valves -* Stainless steel, bellows seal; 

Vapor Collector - Stainless steel, 1.8-in. (30-ml) capacity; 

Bimetallic Joint - Brazed Cb-l/.r to stainless steel. 


Vacuum System 


Vacuum Clu mber 


Size - Bell Jar - l2S-iiu h (325-cxt) liigli x 48~iach (122-cm) diameter, 

Sump - 16-iiich (Li7-(.:m) high x 48-inch (122-cm) diameter, 

Spool - 24-incii ((>l-ein) liigh x 48-inch (122-cm) uiameter, 


Spool - 24-incii ((il-ein) liigli x 4H-inch V 
3 

Volume - 21(1 cu It (o.9l Ji, ); 

- 11 -9 2^ 

Ultimate' Ib'cssure - ^> x !u !'.>rr (() \ 10 X, m ); 

- s “62 

Oj)C' rating Pv 's.siux' - I x in lori’ (] x 10 N/m ); 

Bakoout 'Ji'iiipo ra iui\' - 500 F (2(h> C); 

Gaskets - 0)ppt‘r seal. 
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Pumping System 

Rough Pump Type * Turbomolecular, 

Model - 3102A, 

Pumping Speed - 260 liter/second, 

-9 -7 2. 

Blank-off Pressure - 2 x 10 torr (2 x 10 N/m ), 

Mfg. - Welch Scientific Company, Skokie, Illinois; 

Ultrahigh- Vacuum Pump - Type - get ter- ion, 

Speed - 2400 li ter/ second , 

-2 2 -11 

Pressure -lx 10 (1 N/m ) x 10 torr 

-9 2 

(3 X 10 N/m ) ; 

Booster Pump - Type - Optically baffled titanium sublimation pump, 

Number - 4, 

Speed - 100,000 liters of hydrogen/ second at 

i X 10 ^ torr (1 x 10 ^ N/m^), 

-2 -11 ”9 2 

Operating Pressure - 10 to 10 torr (1 to 10 N/m ) ; 

Pr essure Measurement 

Total Pressure - Type - Nude ionization gauge, 

Mfg. - Varian Associates, Palo Alto, California, 

_o — 11 —92 

Range - 10 to 2 x 10 torr (10 to 2 x 10 N/m ), 

Accuracy - - 6 percent ; 

Partial Pressure - Type - Permanent magnet partial pressure analyzer, 

Mfg, - General Electric Company, 

-4 -14 -2 — 12 2 

Pressure Range - 10 to 10 torr (10 to 10 N/m ), 

Mass Range - 2 to 50 aniu. 

Magnet - 3000-gauss, bakcablc Alnico V, 

1 


L 
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2, TE ST PROTECTI ON SYSmi 

me test loop control system includes safety circuits designed to 
piv^tect the loop in the event of a malfunction of the control equipment, 
operator error or the loss of electrical or water service to the test area. 

The safety circuits listed telow are cliocked during low-power test runs 
at the start of the test operations. After the final checkout, no safetj 
circuit may be made inoperative or bypassed in subsequent test operations 
without permission of the Project Engineer or the Program Manager. 

Loss of Cooling Water t o Vac uum Chamber and Power Feedthrough 

Loss of cooling water to the vacuum chamber facility can result in 
overheating and possible damage to the cc-ra,nic-metal seals of the electrical 
power feedthroughs and an increase in the chamber pressure due to outgassing 
of the chamber wails. In the event of a loss in the water flow, an electro- 
mechanical switch on the water supply inlet will interrupt the electrical power 
supply to the preheater and heater before pei-manent damage can occur. 

0 ve r t em pe r atur c of Primary loop 

If for any reason during loop operation, the maximum design tempera- 
ture of the primary circuit is exceeded, an overtemperature circuit activated 
by the heater outlet temperature theraocouple will interrupt the electrical 
power to the preheater, heater, and EM pumps. 

EM Pump Winding Overtemperature 

The primary cause of an overtemperature of the stator of the EM Pump 
is the loss of cooling aiv which is required to remove the heat generated by 
I^R losses in the stator winding. The air supply is delivered by a separate 
blower which can develop bearing or motor problems resulting in either total 
or partial lo.ss in performance. In the event the windings do exceed their 
design tcmpeiMture, a thermocoui) le attached to the windings activates a 
safety circuit wh.ich will .n1ern.pl the i.reheater, heater, and EM pump power. 

Vacuum ChanU:)cr 

Endurance testing <'f refraco.-y alLn, high- tCT.i>e nature alkali metal 
test loops requi.-e.s a vacuum onvin.mnent of 1 x 10*'' torr (1 x K' m 

or less to prevent the con nuid na t ,i on of refractory alloy component.s. In 
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,Hon increase in the chamber pressure, 
of a large air leak or sudden increase 

:: a. .uv..e. « p...ee. .»op ... 

excessive oxidation. .too 

•. • activated when the chamber pressure exceeds -20 

The first circuit is activated 


The first circuit is 

^ fuo full-scale -ange of the ion gauge (usually set 
percent of the f interrupts the electrical 

riO-^N/n."]). The ion gauge overpressure relay inter 
— . 


;»«r to the EM po»P. pt^hoaW' ““O 

• +c of two overpressure relays connected 
second satety .auge 

t„ setiea and operated Py tne ton P«P 


tn settee and operated Py tne to., 

power supply. When the ton puwp cur 


power supply When n t„.. ~ 

of 4 X 10 torr (5 X 10 B/ 1 . . (5 x 10 ^ » 


O, 4 X 10 " torr to X to n,. „ ^ ^ ^^.4 ^ ^^-2 „^.2,, 

closes. It the pres.ure eonttnue 


Closes. If the pressure te closed and 

. second relay - f . ond 

complates a 110-v eiectr to nrotect the loop 

e, itt+o the vacuum chamber to protect, 
releases high-purity argon gas into the 

from contaminating gases. 

Partial Pressure Gaj _AJia]jrzer 

■H al eas In the vacuuu chauPer Is Intemlttently scanned wtt 
The restdual gas euPsequen, test 

a partial pressure gas an „c copposltlon. Ihe gas 

operation to deteimine its qu operation but is made 

— “-r .‘TherrtrArr ™ - 

„ore frequent, during - .ar ^P^^ 

analyxer can be a m „sidual gas conposltlon with previou, 

gas. By a comparative is toe normal out- 

test runs, it can e y increased, a water leak 

gassing of the loop as the operating temperature 

4 „ the vacuum chamber cooling system, an a.r 

throughs, or bach- streaming from the ton pump. 

The partial P«ssure '“^““171101“”! irelrrou'ghrlrnllgr Joints. 

::ri:'::rrsrirh- iru*. -0x1. t„e v„cu. system mthough ot„er 

gases can be used. 
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FAILURE MODE ANALYSIS 


The general purpose of the failure mode analysis was to evaluate the' 
design and proposed operation of the Cori’osion Loop (T-111) System in advance 
of fabrication to elucidate the possible ways the components could malfunction 
or fail. This qualitative analysis provdes a means of making changes in the 
design or operation before the initiation of testing and thereby increasing 
the reliability of the system. 

The primary objective of the test loop is the metallurgical evaluation of 
refractory alloys in a boiling and condensing potassium environment which will 
simulate projected space electric power systems. The structural design approach 
was therefore very conservative in the allowable stress of the alkali metal 
tubes and weldments. Special emphasis was placed in the preparation of a com- 
prehensive material and process specification for the procurement of refractory 
alloys and a specification for the procurement and handling of alkali metals. 

A quality control plan was also .issued for the control of raw materials 
and test components during the fabrication of the test loop. 

The failure mode analysis was performed on components of the Corrosion 
Loop I (T-111) System under three (3) major categories namely; 

A. Alkali Metal Purification and Handling Equipment; 

B. Corrosion Lov>p I (T-111); 

C. Auxiliary Test Equipment, 

The Failure Mode Analysis sheets enclosed identify each component with 
its function and operational requirements. 

Failure Mode - describes the possioie ways the component could fail. 

of Detection - the indication that shows a failure or a mal- 
funccion has occurred. 


Potassium Cori'osion Test Lx^op Developnunt, Topical Report 3, M ateri a 1 
Specificatio n for Advanced Rei ract ory All oys, NASA CR-5d761 . 

Qu a 1 i t y Control A^a nu a 1 Ad va n Re f ^ ^ y Corrosi on 1^ >QP_ f 

geHobTI 6(T.l)^r, Re~ ^ ^ • 
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Failure Effect - the effect that failure has on the operation of the 
next higher assembly and possible effect upon the operation of 
the overall lest system. 

Ar.tion Taken to Improve Reliability - the steps that have been taken 
in the design or proposed operation of the components to reduce 
the probability of a failure or a malfunction. 


FAILURE MODE MALY SIS SiIEETS 


ALKALI METAL PURIFICATION AND HANDLING EQUiraiENT 


1. 

Lithium Hot Trap 


2. 

Litliium High-Vacuum Distillation 

System 

3. 

Lithium Transfer System 


4. 

Alkali Metal Sampling System 


5. 

Potassium High- Vacuum Distillation System 

6, 

Potassium Hot Trap and Transfer 

System 
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OWG MO. [MEXi HIGHSR ASSY ToPERATIONAL REQUIREMENTS 



pressure atul l empera t urt* . 


FAILURE MODE ANALYSIS SHEETS 


b. CORROSION JOQP I 

1. Lithium FM Pump Duct Assembly 

2 . Potassium EM Pump Duct Assembly 

2 

3. I R Lithium Heater 

9 

4. I^'R Potassium Preheater 

5. Pressure Transducer (Slack Diaphragm) 

6. Pressure Transducer (Stressed Diaphragm) 

7. Potassium Metering Valve 

8. Potassium Isolation Valve 

9. Boiler Assembly 

10, Turbine Simulator 

11, Potassium and Lithium Surge Tanks 

12, Condenser-Subcooler 

13. Argon Pressurization System 

14. Permanent Magnet Flov,mieter 

15. Condenser Shield 
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1. Vacuum Chamber System 

2. Electrical Power Feedthrough 

3. Loop Support System 

4. Heater Power Supply 

5. Preheatex Power Supply 

6. EM iTimp Power Supply 
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APPENDIX K 


REMOVAL, REPAIR, ANT) REPLACEMENT OF THE T-111 BOILER 

As indicated in Section VIII, Pro test Op e ration, of this report, 
a leak between the potassium ard lithium circuits in the boiler was 
discovered during the initial attempt to reach the test conditions. Con- 
siderable effort was expended in the analysis of the problems which 
required shutdown of the locjp and the subsequent actions taken to put 
the loop back into operation without .jeopardizing the objectives of the 
test program. The refair of an al 1- ref ractory alloy loop after exposure 
to alkali metal had not previously been demonstrated anywhere success- 
fully. Many new techniques had lo be developv^d to accomplish this task. 

The work performed is described in considerable detail since similar 
techniques could be employed in repair or replacement of sections of any 
refractory alloy - alkali metal system. Such techniques were subs^-quent ly 
utilized in the replacement of a test section in the 1900 F Lithium Loop 
which w^s also part of this contract (NAS 3-6474). 

1. Techniques Empl(;yed_io brain and Analyze the Al kal i Metals f rom 
the Loop 

Following Ihe plvigging problcnis whicii caused loop shuldowni, as 
dcscriocd in Section VIII, a si.impiing and di si illation system was designed 
jnd fabricated to gra vi 1 y'-dra i n the potassiiun from the surge tank in a 
manner to irajj an\ |>ar I icu la 1 (* matter t oj- subsequent analysio. This system, 
shown scliomat) rally in Fiyuvv K- 1 , was at taclied to the loop system at the 
potassium till va ' vo (KK). The : ample tube consisted of a 36- inch (bl-cm) 
length (i 1 D-inch-OD x 0 . 020- i nth- i !i i ( k- wa 1 1 (1.27-cm-OD x 0 . 030-cm- t hi ck- 
wall) Type 3^1 stainless steel iut)ing and was connected, as shovn in Figure 
K- 1, to assure' th.at the sample tube would l)e tilled during the draining 
operation, dhe transfer liiu', coniK’ctiJig tin* sampler tt> valv'c KJv and the 
still pot fill valve, was made of LD-iPcleOD \ 0. 060- inch- t hi ck- wa 1 1 
(1.27-cm*OI) X 0. loD-cm- Miick-wa I I ) Typt' 321 stainless steel tubing. 

1TU‘ still was designed with a ' j i 1 i ng s' li i e Id , ’ such that the top 
could bo cut off v;itlu)ut introducing iDetal filin^;^ intt) tlic still. The 
still JK>( had a caj)arity <^f 480o cc and the I'cce* i veM' had a capacity of 
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51C0 cc. Ail valves were weltied. Ih' I I <>ws- sealed , Type 316 stainless steel. 
Prior to draininjj i pot a s.siuui Iroin the .sui'tte tank into the still, the 
still system was l>aked out at tempera tun?s from 200 to 600 F (93 C to 
316°C) until the pre.ssure rise r.itc’ was less than one iiiicron-liter per 
minute. 

Tne potassium was subsequently drained and sampled. The potassium 
surge tank was Iirst pressurized with a.-gon to force the potassium into the 
loop. Tlie EM i)ump was turncfl on and an immediate, but low, potassium flow 
rate was established in the forward flow direction (the loop was previously- 
shut down with the potassium loop coiqjleteiy plugged). The loop was 
immediately dumped into the surge tank and then refilled with a marked 
improvement in the potassium circulation. The ' rocess of filling, circulating, 
and dumping the loop was repeaieil five times with a 30-minuto dwell time 
in the .surge tank to allow any particuiati m.itter which might be present to 
settle out in the surge tank. After the fifth dimip, the potassium was drained 
from the surge tank as desci’ibed be low. 


Th? line from valve KE (Sec Figure K 1) to the loop surge tank was 


at 35 u‘’f t.> lOt/’r (177 C to 20'l‘'c). 'Ihe dram system was evacuated to less 


than one micron back to valve KK. Valve KK was cracked and flow began as 
indicated by a sharii t cmj)e ra t urc ri-.< in Ihe line iK'tween valve KK and t he 
surge tank (J rom 330 to laO F . I< i i<> 2..12 ( ) and by the level piol'< in .In 
still pot. Valve KK wa then < <imid e t e 1 y .'pern d and Ihe alkali metal drained 
from the surge lank uniil tlie MS.AU i ndu't i ve- t ype level probe in the still 
pot indicated 600 to /no cc of po t a i um , .it which time flow ceased. Valve 
KK was men closed, the driin .lysl.ii: w.i ... imc;...u ri/ed , and tlic sampler w.’ s 
held under 2,. p.si.i ( 1 . /2 \ lo’ N m' 1 pressure at .i t empe r.i 1 u re above t he 

potassium i:i«'lling I'oint o ve rn i 'i t asd l lu r. <col»(l lo room temi>e i .i t 'j it . 1 i 

jjower was shut off on the dram ..vst,:;. and all lines from the still pot 
to valve KK were rad l og r.i pm d le '„ter il -i plug in the lines co„ld he 

located. The rad i og raphs showed mtumg eu i .i Ifw voids in tne alkali metal 
in the s.im])lc tulx-. 


The j)() I ass 1 ui:i ’vUis ( Iumi ^^l^^ll!ell i i!u- j)o t into Uie receive)' f.ni' 

a IK ri<H) •>! j\hhi{ «ai at I ( i! } h r. : t a it : <■! a <)() 7(H) V (3.Mi t- ) . 

The level jna'lK- indieatth iv ■ t ...tiu;t in 1 lit It \«-l na'tal in l 1 h rtceivei 
ft>r a iierintl t.| al lea.-l 1'- I .t 1 ■ i ^ j . I i 1 I a I 1 on was stoi^pcd. 




Following distillation, tiie potassium drain system and still pot 
were r<inoved by crimping the line above valve KX, cutting the line between 
valve KK and the crimp, and capping both ends oi the cut line with 
Swageloks. The entire still-drain system was then placed in the welding 
chamber, and the sampler and drain line was cut between the still pot 
and the valve shown in Figure K- 1 , under high-purity helium. The drain 
line - sampler system was then removed Irom the chamber for analysis of 
the contents of the lines, the results of wliich will be discussed later. 

•The still pot was then cut open to investigate any residue remaining 
in the bottom of the pot. Tlie entire cutting (operation was performed in 
the high- purity helium environment of the welding chamber. Tlie still pot 
was cut open with a hacksaw Just above the bottom of the filings’ shield 
shown in Figure K-1. 

Inspection of the bottom of the still pot revealed black, particulate 
matter and a thin film of residual Jithiujn. Most of the black particles 
v^ero swept into a glass vial usir. - a brush, and the remainder were sucked 
into an Erlei'micyer flask. The lithium was scraped ou+^^ and placed in 
another glass vial, and the vials were sealed under helium. 

A number of specimens were designated as apj): >priate for analytical 
chemical, spec trographic , oi* X-ray examination Tht^v are identified and 
tlie results are given in Table K-I. The significance of the results wi 11 
he discussed lx? low. 

Trior to ? h" final shutdown, it was con.iec: t ured that the iilugging of 
Ju* metering valve was due to ]urticulale mat lor and that the lioiling 
i n s t a l)i 1 i t ic s could possibly have b'?t'n intensified by i i t tn urn in tlie jH^ttis- 
sium I'csulLing from ** leak lx*tween the primujyv and secoiuiary cii'cuits. A 
potassluiii sample (No. 1G22) wa.: la.'inoved from tho potassium transler line 
betw'een valve FF aiid KK (similar to that sliowii in Figui'e K-*2). 'Jhe 
omission s|?ec t rog rapluc results sliow'ii in 'lahle K 1 indicate lliat all 
motallic impurities exct'pt lithium woro at o !* bo I ow tlu* detection 1 units. 

A flaiiK' photometric analysis f'u* I i P; i am indicatod do ]»pm. This sluiuld 
be compared with tlie flamo jilu » 1 oini' ! r i < ■ r<‘su I t of • 10 ppm lithium for 
simple N'-. M87A I'omovod i rtun i ho chargi' pot pri'T to filling tho loop, 

.:,n<l als(^ w’i I li llu' omission sj»t' 0 1 rog raph 1 1 result of 2 pj>m li tin urn foi' 
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sample No. 1493B taken after flushing the loop. These results indicate 
that the leak betwe en the primary and secondary circuits was not present 
during the initial loop filling and flushing operations . 

Potassium sample No. 1668A, removed from the bottom third of the 
sample tube shown in Figure K-1, which was obtained during the draining 
of the potassium loop, was also analyzed for lithium by flame photometry. 

The analysis indicated 8 ppm lithium. Again, all other metallic impurities 
were at or below the detection limits. This sample tube was kept above 
the potassium melting point overnight after the draining operation to allow 
any particulate matter present tc settle to the bottom. The end cap was 
removed with a tubing cutter and the potassium dissolved in alcohol. 

Potassium sample No. 1668B was removed from a portion of the heavy- 
walled tubing used as the drain line between valve KK and the still pot 
(Figure K-1). A flame photometric analysis of this sample indicated 3.3 
percent lithium. Some black particulate matter was found in the flush 
water and v/as analyzed spectrographically (sample No. 1668C). This 
qualitative analysis indicated minor quantities of Cr, Fe, Ni, and Ti and 
trace quantities of Al, Ca, Mg, Mn. Si, Zn, and Zr, but no Ta, Hf , or W 
were detected. 

Sample No. 1669A consisted of the black particulate residue which 
remained in the potassium still pot after distillation. The results of the 
semiquanti Lative emission spectrographic analysis performed by National 
SpectTographic Laboratory indicated 25-50% Cr, 25-50% Mn, 15-25% Fe, 

5-15% Ni, 5-15% Si, 0. 1-0.5% Al, 0. 1-0.5% V, and < 0.05% Ta. 

iwo specimens of the black residue were prepared for X-ray diffraction 
analysis, llie first (sample No. 1669B1) was placed in the glass capillary 
in an argon-filled glove box, while the second (sample No. 1669B2) was 
lorded in air. A best-fit analysis of the diffraction data indicated 
the presence of jS-LiFeO^ and cc-LiFegO^. However, after standing in air 
for a few days, another diffraction pattern was obtained which again 
indicated the presence of lithium iron oxides, as well as Li^O and ot-Fe. 

The diffraction pattern of the second specimen indicated the presence of 
lithium, Li..O, T.i0H, and tt-Fe. No Cr, Mn, or Ti was noted for either 
sample . 



A sample (No. 1C72) of the metal, remaining in the still pot after i 

distillation of the potassium, was removed by di'- solving in water. The ■ 

i 

results Oi flame photometric analyses indicated approximately 100 percent | 

lithium and 600 ppm potassium. A flame photometric analysis of the dis- j 

tilled potassium (sample No. 1682) indicated 20 ppm lithium. | 

The conclusions dravm from the operations and analyses just presented 
were as follows: \ 

1. A leak existed in the boiler of the loop between the primary 
and secondary circuits; 

2. The plugging of the metering valve was due to particulate 
matter which probably originated from stainless steel; 

3. The chemical analytical results did not provide a clear-cut 
answer to when the leak first appeared, but indications are 
that it occurred after the loop was filled with the alkali 
metals ; 

4. The chemical analytical results did not provide a clear-cut 
answer as to the source of the particulate matter although 
the indication is that it was introduced from He potassium 
transfer lines and charge pot. 

ITie loop was pi*epared fox* draining of the lithium circuit and 

distillation of the residual alkali metal using procedures established 

(35) 

previously with the Cb-lZr Rankine System Corrosion Test Loop. Six 

quartz lamps^^^ with tungsten filaments were installed in stainless steel 
brackets welded to the loop support structure. A stainless steel thermal 

( 

shield was wrapped around the loop support structure to thermally insulate 
the loop and quartz heaters from the test chamber bell Jar. The lithium 
and potassium surge tanks were partially shielded from the quartz heaters 

Hoffman, E. E, and Holowach, J. , Cb- lZr Rankine System Corrosion Test 

Loop , NASA CR-1509, June 1970. 

General Electric Type 3800 Te/VB, 3800 watts, 570 volts, 1/2 inch OD x 

43 1/2 inches long. 
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to maintain a lower temperature than the loop so that the alkali metal 
distilled from the loop would condense in the cooler surge tank located 
in the lower portion of the vacuum chamber. 

The potassium still, used in the initial drain of the secondary 
circuit previously described, was reassembled and reattached to valve KK 
of the potassium circuit, omitting the valve between valve KK and the 
still pot. 

The lithium drain container, shown in Figure K-3, was fabricated 
and attached to valve KK of the primary circuit. This container was 
fabricated from a 24-inch (61-cm) section of 4-inch, schedule 10, Type 304 
stainless steel pipe and 4-inch, Type 304 stainless steel pipe caps, and 
had a volume of 6600 cc. It was weighed prior to attachment to the drain 
line and the vacuum-argon line. 

Both the lithium and the potassium drain systems were baked out and 
helium leak-checked per NSP Specification No. 03-0013-00-B, and no leaks 
were found in excess of 5 x 10 std cc of air per second at temperatures 
from 400^ to 700°F (204^ to 371^C) . The potassium circuit had previously 
been drained of liquid metal. 

After a low-power electrical checkout of the heating lamps, the bel^l 

jar was lowered to the spool sec lion, and the vacuum chamber was sealed. 

The turbomolecular pump was used to rough- pump the vacuum chamber for 24 

hours before the ion pump was turned on. 'fhe chamber bakeout was turned 

- 7 - 5 2 

on when the chamber pressure was in the 10 torr (10 N/m ) range. The 
system was outgassed for approximately 100 hours with only the vacuum 
system bakeout on. The loop temperature during this period was approximately 
500^F (260^C) . Tlie EM pump power was turned on at approximately 10 per- 
cent of the rated power to heat up the pump duct. 

The lithium EM pump power was increased to 40 percent of rated power 
and the lithium loop temperature increased to lOOO^F (538 C) . After 
circulating lithium for 4 hours, the lithium circuit was evacuated and 
the lithium drained from the loop. After draining the lithium circuit, 
the EM pump power was reduced to 10 percent of the rated power to maintain 
the pump duct temperature at 1000 F (53H C) . 
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Valvo 


Figure K-3. Schematic of System Used for Draining Lithium From the 
Primary Circuit of the Loop. 
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App roxinisi t©l y 3600 cc n^otnl was rcniovsci from 'this cii*cuit as 
indicated by level probe measurements of the liquid level in the container, 
llie level probe also indicated an additional interface about 1 1/2 inches 
(3.8 cm) above the Dottom of the container which corresponded to about 200 cc 
of potassium. After cooling the container to room temperature, a radio- 
graph showed the interface of the two layers, thus confirming the presence 
of a substantial Quantity of potassium in the lithium circuit of the loop . 

After the initial draining operation, both circuits were evacuated 

with the vacuum system on the potassium purification dolly. The quartz 

lamp power was then slowly increased in ismall increments to hold the 

- 7 -5 2 

vacuum chamber pressure in the 10 torr (10 N/m ) range. The potassium 
EM pump power was increased, and the power to the potassium preheater was 
turned on. 


Typical operating conditions during the ten-day distillation period 


are as follows: 

Chamber Pressure 

Average Lithium Circuit Temperature 

Average Potassium Circuit Temperature 

Boiler Temperature 

Potassium Preheater Temperature 

Lithium Surge Tank 

Potassium Surge Tank 

EM Pump Duct Temperature (Li and K) 


-8 -6 2 
3 X 10 tcrr (4 x 10 N/m ) 

750°F (399°C) 

750°F (399^0 

850°F (454°C) 

ISOO^^F (704°C) 

540°F (282*^0 

580°F (304^0 

1200®F (649°C) 


During the disl illation period, the vacuum chamber bakeout heaters 
on the spool section and the sump were not turned on so that the lower 
portion of the loop (surge tanks) would be at a lower temperature to 
condense the alkali metal, distilled from the loop, in the surge tanks. 


Periodically, the surge tank drain valves were opened to gravity- 
drain the distillate from the surge tank. TTie surge tank would then be 
pressurized to drive any remaining alkali metal into the drain tank. 

3. Preliminary Leak Chec king o f the Boiler I^f^re Cu ttin g 

The methods to be employed in repairing tlio boiler were contingent 
upon the location of the leak between the potassium and lithium circuits 


Ik i 
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Some effort was thus expended in localizing the leak before the boiler 
was removed from the loop. 

An attempt to locate the leak was made by measuring the steady- sta te 

leak rate as determined by a helium mass spectrometer leak detector. The 

lithium loop was pressurized with helium to 0,4 psia. The potassium 

circuit was evacuated to the 10~ torr (10 N/m ) range with the helium 

leak detector. At these conditions a steady- state reading on the helium 

-8 

level meter of the leak detector could be stabilized at 7,5 x 10 std 
cc/sec of helium. Any change in the helium leak rate would be indicated 
by a corresponding change on the helium level meter. The inlet to the 
boiler was then heated to 38 o“f (193°C) for approximately 20 minutes with 
a slight decrease in the helium level as shown in Figure K-4. The heater 
power to the boiler inlet was turned off, and the boiler outlet was heated 
to 400°F (204*^C). Again, the helium level decreased at the same rate as 
observed when the inlet was heated. When the center section of the boiler, 
which consists of seven 10-inch (25. 4-cm)-diameter coils, was heated, 
the helium level increased indicating a higher leak rate. The leak rate 
continued to increase even after the power was turned off. Subsequently, 
with the boiler at room temperature, the lithium circuit was pressurized 
with argon to 50 psia (3,45 x 10^ N/m^) while the potassium circuit was 
evacuated. The boiler remained at these conditions for three days without 
indicating a leak as evidenced by the lack of a drop in pressure in the 
lithium circuit. 

The results of these tests indicated that the leak might be in the 
center section of the boiler and that the leak was only apparent when the 
boiler was heated above the melting point of lithium (367 F, 180.6 C) . 

3 . Doiler Cutting Procedures 

The procedures employed in cutting the boiler were such to minimize 
the possibility of contaminating the loop either by air reacting with 
the residual alkali metal in the loop once a cut was made or by chips 
from the cutting operation falling into the loop. To prevent contamina- 
tion of the alkali metal, all cutting operations were performed in inert 
gas (argon) atmosphere. To accomplish this, a vinyl, 0.020-inch (0.51-mm)- 
thick chamber was designed, fabricated, and assembled around the loop. 
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Helium Level in Evacuated Potassium Circuit Measured With 
General Electric M-60 Helium Leak D<^tcctor. 




The chamber shown in Figure K-5 is fitted witli neoprene gloves appropriately 
located for access to the areas to be cut at the to]) and bottom of the 
boiler. Tiie chamber was sealed from the atmosphere at its base by a rubbejr- 
cushioned stainless steel expansion ring pressing the vinyl against the 
inside of the vacuum chamber spool piece. llie vacuum bell jar could 
therefore be lowered over the vinyl chamber and mated with the spool piece 
flange without interference at the sealed end of the vinyl chamber. This 
arrangement provided the capability of evacuating the vinyl chamber inside 
the bell jar. The annulus between the vinyl chamber and the bell was also 
evacuated to prevent collapse of the chamber. Following an overnight pump- 
down, the chamber was backfilled with argon. Analysis of the exiting argon 
was performed with a Beckman Model Trace ^‘xygen Analyzer and a Model 
27901 electrolytic hygrometer shown in Figure K-6. Typical analyses of 
less than 10 ppm oxygen and less than 70 ppm water vapor were obtained. 
Subsequently, the bell jar would be removed and cutting operations would 
be i/.itiated. Gas analysis was continued during operations in the vinyl 
chamber. The water vapor concentration in the chamber increased with time 
but typical analyses indicated maximum concentrations of less than 200 ppm 
when the gas-filled chamber was maintained at ambient conditions. Only 
small increases in oxygen concentration were noted. 

All boiler cuts were made with a tubing cutter to c*liminate chip 

formation which could fall into the loop. Tlie cutters were fitted with 

o 

three cutting wheels such that cuts could be made without 360 rotatioi.. 

4 . Removal of the Boiler Fiom th e Loop 

The welds separating the potassium and lithium circuits of the boiler 
were thought to be ^ he most probable locations for the leakage to occur. 

Tlie locations of these welds are shown on the sketch of Figure K-7. If 
the leak had been in the weld at the top of the tx^iler, the boiler could 
have been repaired without removal from tlie l^x>p. The initial cut was 
therefore made to expose this weld for inspection and leak checking and 
subsequent repair if required. 

The boiler was cut exposing tlie top weld and the potassium circuit, 
which had been under a positive argon pressure, was immediately sealed 
with expandable plugs ( Imperial Model 140K 'Aibing Test Plugs) as shown 
in Figure K-8. The seal is accomplished by a rubber grommet expanded 
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Figure K-6. Vacuum Equipment and Instrumentation Used for Evacuation 
and Backfilling of Vinyl Chamber and Analysis of Exiting 
Inert Gas. (C68062846) 
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Figure K-8. 




T-111 Boiler Following Initial Cut. The Potassium 
Circuit Was Sealed From Atmosphere with Expandable 
Plugs. * (Orig. C68062845) 

AAl 









against the inside diameter of the tube by the acti«.n of a brass sleeve 
actuated with the wing nut as shown in Figure K-9. 

Inspection and helium mass spectrometer leak checkir .5 of the weld 
did not reveal a leak at this location. Subsequent room temperature leak 
checking of the boiler coils and the bottom of the boiler also did not 
reveal a leak. The vinyl chamber was removed. 

The boiler was heated to 400°F (204^0 at various locatrons, as 
previously described, with helium in the potassium circuit and the mass 
spectrome^'er leak detection pumping on the lithium circuit. Again, no 
leaks were found at the top of the boiler: however, definite leak indica- 
tions were noted when the center coils were heated to 400*'F (204 C) . 

The leak could not be detected when the boiler was returned to room 
temperature. Similar behavior was obtained in the previous leak tests which 
suggests that the leak could be a fine crack which could plug the residual 
lithium (M.P. 357 F, 180.6 C) . 

Since it could definitely be determined that the leak was not at the 
top weld, and this was the only weld that could be repaired in place, 
preparations were made to cut the boiler from the loop. Three additional 
cuts were required to remove the boiler; the lithium inlet line, the lithium 
exit line, and the potassiu-m inlet just above the top electrode as shown 
in Figure K-10. The vinyl chamber was reinstalled, and the lithium inlet 
ind outlet lines were cut and sealed. Similar techniques were employed 
as previously described, with the exception of the seals on the boiler 
which were made with Swagelok fittings as shown in Figure K-ll. The Swagelok 
caps were substituted for the expandable plugs to facilitate subsequent 
attachment of the boiler to the cleaning apparatus for the removal of 
residual alkali metal. The final cut to remove the boiler was made at the 
potassium inlet. The wall thickness was reduced by hand filing to 0.125 
inch (0.32 cm) over a 0.750-inch (1 91-cm) length and V-grooved in the area 
to be cut to 0.050 inch (0.13 cm) prior co final cutting with the tubing 
cutter within the vinyl chamber. 

5. Cl eaning the Boiler 

The proposed method of removing tiie residual potassium and lithium 
from the T-lii boiler b; clashing with anhydrous liquid ammonia (99.9997o, 
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Figure K-10. Location of Tubing Cuts Made to Remove Boiler From 
Loop as Indicated on the Boiler Assembly Before 
Final Loop Assembly. (Orig. C67100412) 
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< 10 ppm H 0) was tested by cleaning a simulated boiler constructed of 
2 

0.5-inch (1.27-cm)-0D, type 316 stainless steel tubing. This apparatus 
consisted of two coils and contained a section of 1/8-inch (0,32-cm), 
stainless steel rod around which were wrapped specimens of 0.060- inch 
(0.15-cm)-diameter T-111 and Cb-lZr wire. This special section was 
included to simulate the plug region of the T-111 loop. Tlie lithium drain 
container, containing the lithium and a small amount of potassium removed 
from the loop, was emptied into another container through the simulated 
boiler. Argon was then blown through the apparatus so that most of the 
alkali metal was removed. The residual alkali metal was then flushed out 
with liquid ammonia using the procedure described below for the actual 
boiler. The T-111 and Cb-lZr specimens showed no significant change in 
carbon, hydrogen, oxygen, or nitrogen concentrations as a result of the 
cleaning operation, thus qualifying the method for cleaning the T-111 
boiler. 

The T-111 boiler, previously sealed in an argon atmosphere, was 
connected to the liquid ammonia system as shown in Figure K-12, and the 
system was evacuated up to the liquid ammonia valve. The system was back- 
filled with argon, and the lithium and potassium circuits were tested 
individually to determine if a gas passage existed in each circuit. The 
lithium circuit was subsequently capped, and the argon flow was adjusted 

to 50 ml/min through the potassium circuit. With this argon flow maintained, 

o 

the boiler and liquid ammonia cooling coil were cooled to -50 C by pouring 
liquid nitrogen (B.P. -196°C) into a 50 - percent-by- volume mixture of 
methanol and water. When the boiler reached -50°C, the temperature nec- 
essary to maintain the ammonia in a liquid state, the argon flow valve 
was closed as 'the valve to the ammonia bottle was opened initiating ammonia 
flow. The first portion of liquid ammonia emerging from the boiler was 
dark blue in color as a result of the ammonia-potassium interaction, but 
after 500 ml of liquid ammonia had passed through the boiler, the effluent 
was clear, indicating that the bulk of the potassium had been flushed out 
in about 10 minutes. The flushing was continued for an additional 45 minutes, 
at which time about 2000 ml of liquid ammonia had passed through the boiler. 

The procedure for cleaning the potassium circuit was applied to cleanT 
ing the lithium circuit with .similar results, The lithium circuit contained 
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a great6i* Quantity of alkali metal than the potassium circuit and required 
a greater quantity of liquid ammonia to remove the bulk of the lithium. 

The liquid ammonia flushing of the lithium circuit was also continued for 
45 minutes after- the disappearance of the blue color. 

Both circuits were purged with argon at room temperature to remove 
residual ammonia. They were then filled -with absolute ethanol which was 
drained after a 48-hour soak time in the boiler, Tlie circuits were again 
with ethanol which was subsequently analyzed by flame photometric 
techniques. No lithium or potassium was indicated in the* analysis (< 10 ppm 
Li, < 10 ppm K). This procedure was repeated using distilled wat^r with 
similar analytical results. The boiler was finally dried with, an ethancl 
rinse and argon purge in preparation for locating the leak. 

6. Locating the Leak in the B oiler 

The cleaned and dried boiler was subsequently attached to a General 
Electric M-60 helium mass spectrometer leak detector. With the leak 
detector pumping on the lithium circuit, a helium flow was established 
through the potassium circuit. A leak was observed with a quantitative 
leak rate of 8 x 10 std cc/sec equivalent air leakage. 

The general location of the leak was determined by use of ethanol and 
a leveling bulb attached to the potassium circuit. The boiler was placed 
in an upright position with the potassium exit Hue at the top, and a 
250-cc leveling bulb half filled with ethanol was attached to the potassium 
inlet line with rubber tubing. The leveling bulb was adjusted so that 
the level of the ethanol v-ithin the potassium tube was near the bottom of 
the boiler. A flow of helium was maintained into the potassium exit line 
to keep helium in the vapor spaces above tlie ethanol level, and the leak 
detector was adjusted to give a higli output reading. By slowly raising 
the leveling bulb, the liquid level within the boiler was moved upward 
until the ethanC covered the leak as indicated by a .sudden decrease in 
the reading of the output meter. Using thi.s procedure, the leak was 
located within the coiled section of the boiler, in the second turn from 
the top , 

The ethanol was then drained from the boiler and the helium flow 
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continued until the boiiicr way dry and the leak reappeared. The boiler 
was then inverted (potassium inlet line at the top), and the same procedure 
was repeated. The indicated leak location was at approximately the same 
place in the boiler as in the pi'evicr- test. However, since the exact 
shape of the liquid Interface within the boiler was not knowii, the precise 
position of the leak could not be detennined. At this point, it was 
estimated that the leak was known to be within a section of the boiler 
tube approximately 20 inches long. 

The ethanol was again drained from the boiler and the boiler dried 
until the leakage was reestablished. The boiler was then placed in a 
horizontal position, and the leveling bulb was positioned level with the 
axis of the coil. The boiler was then slowly rotated about its axis so 
that the liquid interface within the boiler moved along the length of the 
tube. Using this technique, the most probable leak location was narrowed 
to a section of tubing approximately 6 inches long. 

Inspection of radiographs of the boiler, which had been previously 
obtained, indicated that one of the butt welds in the potassium tube was 
near the center of the section of tubing in which the leak had been 
localized. It was concluded at this time that in all probability the 
leak was in this weld. 

The boiler was then cut aoart, and the suspected section of potassium 
tube containing the butt weld was 'amoved. 'Pile section was leak-checked, 
and no leakage was found at first. However, after soaking the tubing in 
boiling water for 15 minutes, the leak reappeared and was localized using 
a fine helium jet. Using this helium probe technique, the leak was found 
to be near the center of the weld and within an area about 0.1 inch 
(0.25 cm) in diameter. Very careful inspection of this area with a micro- 
scope revealed some surface irregularities but not obvious cracks or 
pinholes. 

The tube was pressurized with air, and the suspected leak area was 
coated with a soap film and observed at SOX magnification. Bubbles were 
observed at the leak as shown in Figure K-13. Close examination indicated 
a grain-boundary crack as the source of the leak which is shown in Figure K-14. 
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Were Produced by Air Pressurization 
of Tube with a Soap Film Coating on OD. 
(C68081422, C68081423, C680814250) 
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Subsequently, the weld nugget section was removed from the tube and 
ground longitudinally up to the crack area in preparation for metallo- 
graphic examination. At this time, a similar but much shorter crack 
was observed at SOX magnification on the ID of the tube* 

7 . Me t allographic Examination of the Crack in the T-111 Alloy 
Boi ler Tube 

The weld nugget section of the tube butt weld containing the crack 

was removed from the boiler and ground longitudinally up to th#=» crack area 

in preparation for metallographic examination. Tlie specimen was mounted 

in clear epoxy such that the tube could be examined longitudinally, trans- 
it 

verse to the crack. The specimen was Autoraet-ground on 600-grit paper 
up to the fiducial marks which were placed on the specimen before mounting 
to indicate the location of the crack. Final polishing was accomplished 
using standard procedures. 

The crack was observed to be intergranular and, as shown in Figure 
K-15, View AA, did not extend completely from the OD to the ID of the 
weld nugget. Tlae specimen was subsequently repolished removing only approxi- 
mately 0.002 inch (0.05 mm) fixDm the surface. The appearance of the crack 
was similar as shown in View BB of Figure K-15 but shorter in depth. An 
additional polish was performed removing 0.006 inch (0.15 mm) of material 
from the surface. The crack appearance after this polish was considerably 
different and not as deep as observed previously, as can be seen in View CC 
of Figui’e K-15. It became clear at this point that the orientation of the 
soecimen in the mount was such that the egress of the crack at the ID had 
been passed in the initial polishing step. In any event, examination of 
the crack at higher magnifications, performed between the polishing steps 
previously described, did sufficiently indicate the morphology of the 
crack. 

V\o crack deviates from a simple shortest-path route, and entire 
gra*.is are delineated by the grain-boundary separation, as can be seen in 
Figure K-16. Tlie appearance of grain-boundary separation suggests some 
action of the lithium which has penetrated into the crack. The intermittent 


Automatic Metallographic Polishing Apparatus - Buehler Ltd., 
Evanston, Illinois. 
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Figure K-15. Intergranular Crack in the Weld Nugget of the Potassium Boiler 
Tube Removed From the T-111 Loop. 
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gaping of the grain boundaries, especially off from the main crack and 
at the bottom of the crack, as shown in Figure K-16, is similar in 
appearance to lithium corrosion. A mechanism of attack of the weld by 
lithium is difficult to understand since no corrosion by lithium has 
been observed in T-111 weldments having such a lew oxygen concentration 
(40 ppm). The role of lithium in the resulting metallograpbic structure 
is further exemplified in the microstructure at the bottom of the crack as 
shown in Figure K-17. The grain- bound ary voids illustrated are difficult 
to explain in terms of cracking alone. The microstructures shown in 
Figures K-16 and K-17 are of areas in the specimen below the main crack 
path as irdicated by their appearance as well as the fact the crack depth 
is decreasing with each additional polish. 

The following conclusions were derived from the metallographic 
examination: 

1. Although the cause of the crack was not evident, it was not 
believed to have been initiated by alkali metal corrosion 

2. The crack appeared to have been initiated at the tube OD or 
lithium side and was completely intergranular. Recent tests 
have indicated that slight straining of T-111 weldments while 
hot (above 2500^F, 1370^C) results in grain- boundary sliding 
and separation in the v'eld nugget, and a small crack of this 
type may have been introduced during butt welding of the 
tube initially. A crack of this type could have propagated 
during bending of the tube in the fabrication of the boiler, 
which was performed after welding. 

3. The grain boundaries in close proximity to the crack itself 
appeared to be influenced by the presence of lithium in the 
crack. 

4. The favored explanation for the highly localized nature of the 

’apparent" lithium attack is that localized contamination of 
the grain boundaries occurred during the heat treatment of 
the boiler. This contamination could have resulted from the 
presence of moisture or other contaminants being present in 
the crack prior to the heat treatment at 2400 F (1316 C) . 
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8. Evaluat ion of the T-111 Boiler for Possible Reuse in the 
Corrosion Loop 

The location of the leak in the boiler tube was such that a suitable 
repair plan could be devised; however, evaluation of the boiler material 
was required to document it for reuse. Specimens were removed from the 
boiler in the vicinity of the crack for metal log raphic examination and 
spectrographic, interstitial, and microprobe analyses. The ductility of 
the T-111 was determined qualitatively by compression testing. 

Metallographic examination indicated no changes in the microstructure 
of the T-111 specimens from the boiler as a result of the alkali metal 
exposure and ammonia cleaning. Sections of boiler tubing were flattened 
without evidence of cracking or change in ductility. 

The interstitial analysis results obtained on specimens removed from 
the boiler are compared with that obtained on as- received tubing in 
Table K-II. No major changes were noted as a result of the test exposure. 
Interstitial analysis of T-111 weld control specimens welded before and 
after the welding of the boiler, as part of NSP Specification No. P8AYA13-S1, 
’’Welding of Columbium, Tantalum, and Their Alloys by the Inert Gas Tungsten 
Arc Process,” indicated no contamination occurred during welding of the 
boiler. 

Chemical analysis of the particulate matter found in the potassium 
drained from the loop indicated concentrations of Fe, Ni, Cr, and Mn. The 
possibility of contamination of T-111 loop materials by exposure to the 
particulate matter was checked by analysis for these elements. Microprobe 
traverses of the T-111, 0.375- inch (0. 95-cm)-diameter boiler tube showed 
no traces (« 1000 ppm) of Fe, Ni , Cr, or Mn. Subsequently, specimens of 
0.375-inch (0.95-cm) tubing were pickled, and the acid solutions analyzed 
spectrographically for Fe, Ni , and Cr. Tliese results are given in 
Table K-III. The higher iron and nickel concentrations observed in the 
fiist analysis of the boiler material were not observed in the subsequent 
analysis. .Approximately 0.001-inch (0.025-mm) thickness of material was 
removed by each j^ickling operation. The slight increase in iron and 
nickel concentrations in the fii’St 0.001 inch (0.025 mm) of the lx>iler tube 
wall ir, not Ixjlicved to bo deti'iniental . 
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TABLE K-II 

INTERSTITIAL ANALYSIS OF 0.375-INCH (0. 95-cm)-OD T-111 TUBE SPECIMENS 



Concentration, pp m 

Element As-Received Tubing Tubing Removed from Boiler 


0<^> 

36, 

41^"> 

40, 

41 


6. 

7 

7, 

6 



1 

1, 

1 


37, 

38 

43, 

62 


Vacuum Fusion Analysis 
Duplicate Analysis 

Combustion Conductometric Analysis 


458 


i 







TABLE K-III 


SPECTROGRAPHIC ANALYSIS OF 0.375-INOi (0. 95-cra)-OD T-111 TUBING 


Concentra t ion in Acid Pickle Solution, ppni 


Element 

First 

Pickle 

Second 

Pickle 

As Received 
Tubing 

Tubing Removed 
Fi’om Boiler 

As Received 
Tubing 

Tubing Removed 
From Boiler 

Fe 

38 

102 

35 

< 20 

Ni 

6 

26 

< 5 

< 5 

Cr 

17 

22 

< 10 

< 10 


Entire specimen pickled, removing 0.001-inch thickness of 
material from both ID and CD per pickle. 
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Based on the results of the various evaluations cited, repair of the 
boiler was recommended and drawings of the modifications needed to reuse 
the boiler were prepared, 

9. Boiler Repair Plan 

A number of modifications to the boiler were necessitated by the 
repair, as shown schematically in Figure K~18. Since one coil was removed 
from the boiler, an additional length of T-111, 1-inch (2 .. 54-cm)-diameter 
tubing was added to the top of the boiler to achieve a total boilei height 
equal to the original boiler for correct fitup during installation into 
the loop. New fittings were required for attachment to the lithium inlet 
and outlet lines. During installation of the boiler, the lithium lines 
originally on the loop were inserted into socket fittings to insure correct 
alignment during welding. Butt welding is normally the technique utilized 
for joining tubing; however, because of the location of those welds and 
limited access during installation of the boiler into the loop, the socket- 
weld approach was selected. The main concern with this type of weld joint 
is the possibility of an open gap between the socket fitting ID and the OD 
of the inserted tubing, A trial fitting was machined with a double socket, 
and weld experiments were performed to develop a technique to prevent this 
gap. The welded specimen is shown in Figure K-19. Subsequent radiographic 
and metallographic examination of this specimen indicated full penetration 
w< 5 lds with no gaps were achieved when the tubing was inserted in the socket 
and pulled back slightly so the bottom of the tube did not contact the 
bottom of the socket. The joint between the 0.375-inch (0.95- cm), inner 
boiler tube and the I -inch (2.54-cm), outer boiler tube at the top of the 
boiler was also modified with a new fitting similar to that used at the 
bottom of the boiler. This butt joint design is preferred over the 
previously employed tube- to-header joint. These design modifications 
are compared with the original design in Figure K-20, 

10. Bo iler Repair 

Tlie necessary machined parts were received, and the boiler repair 
welding was initiated. Welding was performed in the VASCO welding chamber 
in the NSP Systems Materials Technology Laboratory according to NSP 
Specification No. P8AYA13-S1, "Welding of Columbi\im, Tantalum, and Their 
Alloys by the Inert Gas Tungsten Arc Process." 
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'Removed 



After Welding 


Figure K-19. 


Socket Weld Fitting Specimen to Qualify This Joint Design for 
the Boiler Repair and Reinstallation. (Orig. C68082846) 













In the inltlnl welding step, a new section el 0.375-lnch (0.95-cn)- 
dlameter tubing was butt •relded to the Inner boiler tube. Subsequent 
helium mass spectrometer leak cheeking and radiographic Inspection 
indicated this weld to be sound, no sections of 1-lnoh < 2 . 5 d-cm)-dlameter 
boiler tube were then welded In place as shown in Figure K-21. These 
pieces were obtained from the boiler coll which was removed during section- 
ing of the boiler (Figure K-18). Following the Joining of the new end 
fitting to the 0 . 375 -lnch <o. 95 -cm)-dia.eter tubing, the three welds were 
inspected by radiography and helium mass spectrometer leak check! g 
found to be sound. The boiler was completed with the addition of the 
lithium inlet fitting and boiler eitension piece at the top of the boiler 
as shown In Figuie K-22, and the addition of the lithium outlet l.tting at 
the bottom Of the boiler as sho«. In Figure K-23. The boiler plug was 
reattached at this time b, tack welding to the bottom boiler fitting. 

The repaired holler Is compared with the original boiler in Figure K-24. 
The removal of one coll fro. the boiler reduced its total length by approxi- 
mately 27 inches (68.6 cm); however, the performance of the repaired .boiler 
should not be affected since the overall length of the boiler Is still ^ 
greater than the length required to obtain the specified superheat (100 F. 

55.6°C) . 

A final helium mass spectrometer leak check was performed on the 
boiler to insure no leaks were present between the potassium and lithium 
Circuits. No leak indications were observed. 

11. Po s tw eld Annealing of the Boiler 
The re, .aired boiler was wrapped with Cb-13r foil as shown In Figure K-25 
and postweld-annealed according to NSP Specification 03-0037-00-A, ■post«,ld 
Vacuum Annealing of eb-13r and T-111 Alloys." The chamber pressure was 
maintained below > x lo"^ torn do'^ at temperatures above 1000 F 

(538^0). and the maximum pressuie with the boiler at 2400 F (1316 
only 5 X lo'® torr (7 x lo"^ N/m ). 

The boiler was again helium mass spectrometer leak checked, including 


across the circuits, with no indications observed. 
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12 , Welding Chamber for the Installation of t’ue Boiler into the Loop 


Requirements to reinstall the boiler into the loop according to 
NSP Specification 03-0025-00-A, "Vfelding of Ctolumbium, Tantalum, and Their 
Alloys by the Inert Gas Tungsten Arc Process," necessitated the purchase 
of a special welding chamber to be installed around the loop for the welding 
operations. The stainless steel welding chamber was purchased from Vacuum 
Industries Inc., Scmerville, Massachusetts. Tlie chamber, shown during 
installation on the T-111 Corrosion Loop Test facil?ty in Figures K-26 
and K-27, is comprised of two flanged spool sections, four feet (1.2 m) 
in diameter and four feet (1.2 m) high, such that each can be rotated 
independently for improved access to weld locations. Sight ports and glove 
ports are appropriately positioned in the areas where welding will be per- 
formed at the top and bottom of the boiler location. An independently 
pumped tool port is also provided such that necessary tools cculd be 
brought into the chamber without contaminating the chamber environment. 

The chamber is shown in Figure K-28 after final installation, nuu^h 
pumping was accomplished with the 260-liter-per-second turbomclecular pump, 
and the loop facility icn pumps were used to achieve the high vacuum, 

< 1 X lO”^ torr (10 ^ N/m^) called for in the welding specification. The 
chamber was backfilled with ultrahigh-purity helium which was passed through 
a molecular sieve dryer before entering the chamber. The inert gas analysis 
equipment included C.E.C. and Panametrics moisture monitors and the 
gas chromatograph shown in Figure K-29. Gas l*nes attached to the gas 
chromatograph made possible the analysis of the inlet gas as well as outlet 
gas from the chamber. 

Before welding of the boiler was initialed, the ..-nainbei and welding 
equipment were qualified in accordance with the welding specification 
cited above. 

13 . Installation of the Boiler into the Loop 

The boiler was welded into the loop as shown in Figure K-30. Pour 
welds were required to reinstall the bJiler; two at the top of the boiler 

* Model 26-303; Consolidated Electrodynamics Corp., Cleveland, Ohio. 

** Model 1000, Panametrics Ire., Waltham, Massachusetts. 
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Figure K-26. Installation ot the Welding Chamber Around the T-111 Corrosion 
Loop. Lower Spool Piece in Position. (C68090429) 
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Figure K-27. Welding Chamber Installed Around the T-111 Corrosion Loop. 

The Chamber Consists of Two Spools Which Can Be Rotated 
Independently for Improved Access to Weld Locations. 
(C68090424) 




472 







Figure K-28. Welding Chamber and Ancillary Instrumentation Installed 
on the Test Facility. (Crig. P68-9-44C) 









Figure K-29. Gas Chromatograph Used to Analyze the Helium Atmosphere in the 
Welding Chamber for the Repair of the T-111 Corrosion Loop. 
(P68-9-44B) 
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Figure K-30, Ro[)airod BoiK-r rnslalliMl into t ln' T-lll Corrosion Loop. 
Arrows I nd irate I ns tall at ion ’A\‘lds, (P6H“10~37lO 
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and two at the bottom as shown in Figures K-31 and K-32, respectively. 
Subsequent radiographs of the welds indicated a very small area of incom- 
plete penetration in the upper lithium line weld. Although the weld 
was acceptable from a joining standpoint, a decision was made to reweld 
the joint to improve reliability. The chamber was reassembled on the 
loop facility and welding completed. Subsequent mass spectrometer helium 
leak checking and radiography of the welds showed no indications of leaks 
or weld defects. The upper spool piece of the chamber was removed, 
and installation of the annealing furnaces around the welds was initiated. 

The welds were annealed for 1 hour at 2400°F (1316°C). The chamber was 
opened and subsequent mass spectrometer leak checking performed. No 
indications were noted, including a leak check between the potassium and 
lithium circuits. 

14. Reinstrumentation of the Boiler 

Reinstrumentation and reinsulation of the boiler commenced following 
leak checking of the loop after postweld annealing of the xnstallation 
welds. Over thirty W-3Re/W-25Re themocouples vequired replacement. The 
techniques employed for thermocouple installation and insulation with Cb-lZr 
dimpled foil were described in Section VII. 

15. Test Facility Operations 

Following reinstrumentation and reinsulation, the chamber was closed 
and evacuated with the turboinolecular pump. Mass spectrometer leak checking 
was performed, and no leaks were found. Ion pumping was initiated, and 
the bakeout heaters were then turned on. At that time, a final helium 
check was performed between the potassium and lithium circuits with the 
loop at 375°F (190°C), and no leaks were found. Bakeout continued until 
alkali metal flushing of the loop circuits was completed. 

16. Alkali Metal Flushing of the Loop 

As described previously, examination of the alkali metals di lined 
from the loop indicated lithium in the potassium and' potassium in the 
lithium as a result of the boiler leak. Particulate matter was also found 
in the potassium. The particles and contaminated alkali metals were 
removed from the loop by repeatedly flushing the circuits with pure alkali 
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Figure K-3i. 


lop ol Hv'pairoij Boi U i' Altov Installation in tho T-111 Corrosion 
iiOop. (PGB- 1 0 -:r;A) 
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Figure K-32. 


Bottom ol Repaired Boiler Alter Ii^s 1 a 1 1 a t i on in the T-111 
Corrosion Loop, (P68-10-37C) 
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metals. Since no useful data could be found in the literature regarding 
the niatei'ial solubility of pwlassiuin and lithiuiii, a limitca solubility 
study was performed to obtain data which would be useful in determining 
the adequacy of successive flushing ooerations in removing residual 
lithium from the potassium circuit and in removing residual potassium 
from the lithium circuit. The results of these tests are given in 
Appendix 1«, Li thium- Potassium S olubility Study . 

The apparatus required for filling and flushing the potassium loop 
circuit is shown in Figure K-33. The transfer system was modified for 
flushing operations by inserting a dump line between valves FF , KK, and 
the disposal tank. lliis permitted the transfer of flush charges of 
potassium directly to the disposal tank without contaminating the fill 
system upstream frcni valve FF. In adciition, the dump line was connected 
to a small potassium still where flush potassium charges could be 
diverted for subsequent distillation and analysis of the residue for 
lithium concentration and particulate matter. 

Subsequently, the potassium side of the transfer system was filled, 
and the potassium was dumped into the disposal tank to flush the system. 

The system was refilled with poiassiin'i and a sample obtained. The analysis 
of this sample, shown in Table K-IV, was acceptable, and the potassium 
surge tank was filled with an 1800--cc charge to initiate flushing operations. 

The secondary circuit w'as flushed wd th four 1800- cc charges of 
potassium while the final purification of lithium was in progress. The 

o 

various regions of the loop were maintained at temperatures in the 700 F 
(371°C) to 1050*^F (566^^0 range during the flushing operations. 

The first charge was used to establish circulation and, after the 
flow was reversed to agitate particles, was quickly dumped into the dis- 
posal tank. Flow indications during circulation indicated some plugging 
of the metering valve with particles, and the valve wo actuated to its 
full open position. Improved flow indications were obtained during the 
circulations of the second and third potassium charges with some observed 
decrease in the pi’essure drop across the valve. Both the second and third 
charges were circulated four times before removal from the surge tank, 

Tlie second charge was dumped into the disposal tank. The third charge was 
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'lAnLli K- IV 


ANALYSIS OF lTi£ !V1'ASS/UM USED IN FLUSHING 
THE T-111 CORROSION TEST LOOP^®^ 


Element 

0 

C 

Ag 

A1 

B 

Ba 

Be 

Ca 

Cb 

Co 

Cr 

Cu 

Fe 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Si 

Sn 

Sr 

Ti 

V 

Zr 


Concentra tion, ppm 

7,14 
51 
< 2 
< 2 

< 30 

< 10 
< 2 
< 2 

< 10 
< 2 
< 2 
< 2 
< 2 
< 2 
< 2 
< 2 
< 20 
< 2 

< 20 
2 

< 20 
< 2 
< 10 
< 20 
< 10 


(a) Analysis obtained on a sample removed from the transfer 
system before transferring the pi^tassium into the loop 
surge tank. 
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dumped into the still for subsequent analysis. The potassium was distilled 
off aj.d the 39 mg of residue analyzed for lithiam. A concentration of 
approximately lithium in the potassium was determined, A very small 

amount of particulate matter was found in the still. The still was cleaned, 
welded together, and reinstalled in the transfer system as shown previously 
in Figure K~33. 

The lithium transfer system was subsequently flushed by filling and 
draining the lithium into the disposal tank. The transfer system was 
refilled c^nd the lithium sampled. The analysis, presented in Tabke K-V, 
was acceptable, and the lithium surge tank was filled. 

The first lithium charge was discarded into the disposal tank, and 
tb‘ surge tank was refilled with a 1600-cc charge of lithium. The 
lithium was circulated in the primary circuit and used to heat a fourth 
charge of potassium to higher temperature than previously possible with 
only potassium in the loop. The potassium charge was circulated at tempera- 
tures of 530^F (277^0 to 1420^F (771^C) and subsequently dumped into the 
surge tank three times. 

The potassium was distilled off and the 28-mg residue analyzed for 
lithium. A concentration of approximately 20 ppm lithium in the potassium 
was determii'ed. No particulate matter was found in the still. The data 
indicated sufficient flushing of the potassium circuit had been performed. 

The lithium charge in the primary circuit v/as dumped into the disposal 
tank and the loop filled with a third charge of lithium (1600 cc). The 
lithium sampler was installed at valve KK and, after circulating the 
lithium in the primary, a sample ^as taken. Analytical results indicated 
a concentration of 90 ppm potassium in the lithium. Since the solubility 
limit for potassium In lithium at the sampling temperature (580°F, 304^0) 
was 1000 ppm, and the potassium concenti'ation in the distilled Jitiiium was 
55 ppm, further flushing of the lithium primary circuit was believed 
unnecessary. 

^ • Filling the Loop with Alkali Metals for Operation 

The secondary loop was filled with 2300 cc of potassium, and the 
primary loop was filled with 2200 cc of lithium. Samples were withdrawn 
from each loop for final qualification analyses. The analytical results, 
shown in Table K-VI, indicated acceptable purities, and circulation ot the 
alkali metals was initiated. 
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TABLi: K-V 


ANALYSIS OF THE LITHIUM USED IN FLUSHING THE 
T-ili CORROSION TEST LOOP^^^ 


Element 


Concentration^ ppm 


N 

O 

C 

Ag 

A1 

B 

Ba 

Be 

Bi 

Ca 

Cb 

Co 

Cr 

Cu 

Mg 

Mn 

Mo 

Na 

Ni 

Pb 

Si 

Sn 

Sr 

T1 

V 

Zr 


34 

20 

46 

< 5 
25 

< 50 

< 50 

< 5 

< 25 
25 

< 25 

< 5 

< 5 

< 5 
5 

< 5 
5 

< 50 

5 

< 50 
25 

< 25 
25 

< 25 

< 25 

< 25 


(a) Analysis obtained on a sample removed from the still 

receiver following hot trapping and vacuum distilling. 
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TABLE K-Vl 


ANALYSIS OF THE ALKALI METALS USED IN OPEB\TION OP 
THE T-111 CORROSIC . TEST LOOP^a) 


Elemc^nt 

Cone ent ra tion^ ppm 
Lithium Potassium 

N 

33,29,46,49 

- 

0 

4j 

3,6 

C 

31 

32 

Ag 

< 5 

< 2 

A1 

5 

10 

B 

< 50 

< 30 

Ba 

< 50 

< 20 

Be 

< 5 

< 2 

Ca 

5 

10 

Cb 

< 25 

< 10 

Co 

< 5 

< 2 

Cr 

< 5 

< 2 

Cu 

5 

2 

Fe 

< 5 

2 

Mg 

5 

2 

Mn 

< 5 

< 2 

Mo 

< 5 

< 2 

Na 

< 50 

< 20 

N:. 

5 

< 2 

Pb 

< 50 

< 20 

Si 

5 

2 

Sn 

< 25 

< 10 

Sr 

5 

< 2 

T1 

< 25 

< 10 

V 

< 25 

< 10 

Zr 

< 25 

< 10 

Li 

- 

31 

K 

106 

- 


(a) Analysis obtained on samples removed from che loop prior 
to initiation of loop start-up. 
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.APPi^DlX L 

LITHIUM - POTASSIUM SOLUBILITY STUDY 

Comruunication between the two circuits of the loop resulting from 
the leak in the potassiujn contaitiiiient tube in the boiler caused potassium 
contamination of the lithium circuit ana vice versa. Successive flushing 
of the two circuits with alkali metal was considered to be the most logical 
method, of removing this contamination; however, no useful data was avail- 
able in the literJiture regai'cljng the mutual solubility of lithium and 
potassium. Therefore, an investigation was conducted to determine this 
information during the period during wtiich the boiler was being repaired. 

This data and the methoas used to obtain it ai^e discussed below, 

A schematic diagram of the soJubiiity apparatus is shown in Figure L-1, 
The apparatus was filled with equal volumes of lithium and potassium which 
tad been previously n.irified by vacuum distillation, Tlie apparatus was 
brought to a specific temperature and held for at least 24 hours to allow 
equilibration of the alkali metal solutions. Samples of lithium and potas- 
sium were taken at tiie temperatiire of interest. Ihe entire sample was 
analyzed to determine the total lithium concentration in potassium or potas- 
sium in lithium since ttie solubility will change during cooling of the sample. 
Tlie special sainpling system used in this study is shown in Figure L-2. 

Tlie mutual solubilities de-tenuined over the GOO^F (316^C) to 

1200 F (649 C) temperature range in the apparatus described. The data 

obtained are presented in Tal)le IV I. Tliose data were obtained by equilibrating 

equal volumes of lithium and potassium at constant temperature for at least 

15 hours, Tlie data sliv)wii for 800 F (427 C) represent times of 16 hours and 

24 hours with no cliunge in solubility indicated. No data was obtained for 

the solubility of lithium in potassiiun at 1200^F (649^C) because the valves 

used did not function properly after prolonged exposure to this temperature. 

The temperatures were measured w'ith calibrated chrome! /a lumel thermocouples 
! o 

accurate to - 10 F, 
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Li llii ujM“ To t aHsiuiii SoluLi )at> Apparalus. 
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Figure I/-2. I.iiuiuiii !*■ > 1 uii.si uin .Solubility Study Sampler. 
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TABLE L-I 



MUTU-' ’ 

SOIiUBILITlEiS OF POT.ASSIUM AND LITHIUM 


Temperature 

^ "c 

Wt. 
in Li 

Wt. % Li^^^ 
in K 

Tlun No. 

610 

321 

0. 10 

0.23 

4 

610 

321 

(b) 

0.23 

5 

800 

427 

0. 19 

0.36 

1 

bOO 

427 

(b) 

0.37 

2 

1000 

538 

0.70 

1.12 

3 

1230 

666 

2.60 


6 

Determined by spectropho tome trie 

anal ysi s . 



Sample lost in preparation. 



